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Part 3: Homework o
if you complete the group work, you may work on the homework on your own, This
means your answers should be generally unigue from other students’ answers. Submit

your homework using ANGEL.

1. Describe what it means for a reservoir to change size.

2. Describe a situation where the residence time for a reservoir in the carbon cycle is
increased and how this impacts the residence time of CO2 throughout the entire
Earth system.

3. Describe a situation where the residence time for a reservoir in the carbon cycle is
decreased and how this impacts the residence time of CO2 throughout the entire
Earth system.

4. How does an atom of carbon move from coal into the atmosphere? Explain what
would happen to Earth’s temperature if the processes that move carbon into the
atmosphere slowed down.

5. Recall our earlier work with ccean acidification. How does an atom of carbon move
from CO2 in water into rock? How wouid an increase in the processes that move -
carbon into rock impact Earth’s temperature?

6. Just for fun: How does an atom of carbon move from HCO3 in water into carbon in
your skin?
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C. Scenario Questions
1. Imagine we rapidly uplift a large chunk of continental lithosphere to make a huge
mountain range. This would expose a large volume of rocks, eventually producing
small pieces of rock and chemical products, such as bicarbonate, during weathering.
These weathering products make their way into streams and eventually oceans.
a. How would this uplift impact the residence time of CO2 in the atmosphere?

Mo & woe (0, Presort-in focks cp fesdine
Yl wu\b \‘{\C{,Q,@Q&/ﬁ

b. Significantly more CO2 exists in the atmosphere since the industrial
revolution and the widespread use of fossil fuels. What has been the impact
of this added CO2 on the weathering rate of rocks found in mountains,
monuments, and bricks?

Moz conllot'ng becase. i coked Yoy (Op o)
\m@\(\m@ aleo Crestty COQ H% W ﬂ@?ﬁ YOt
\N%‘QMN& A3 towr inGeabe. ' {"O:,l ,

2. Describe a situation where the size of a reservoir in the carbon cycle is changed and
how this impacts the residence time of COZ2 throughout the entire Earth system.
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3. Describe a situation where the residence time for a reservoir in the carbon cycle is
changed and how this impacts the residence time of CO2 throughout the entire
Earth system.
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Part 2: Group Work
A. Make sure everyone in your group understands these terms before moving on.

1. Reservoirs: @la% w\@,{e- éicwj‘iﬁ:r\]g Y !‘Ol’e()
2. Evaporation: C[mgw\ \; C{}J@ woter i el @l it :{’e': f‘*{:\ f}reg[/
3. Degassing: Wouses {‘fé- {:09 n I‘?Qu,@ Fo (Og Tnatwmosiiore

4. Chemical Energy (when is energy used and when is energy released?)

B. Answer the following questions about the carbon cycle. Try to include your reasoning
along with your answer — What evidence do you have to support your answer?

1. What is the largest carbon reservoir? Explain your reasoning.
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2. Which carbon reservoir has the longest residence time? Explain your reasoning.
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3. Which carbon reservoir has the shortest reservoir time? Explam your reasoning.
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4. Which form of energy is more important for carbon cycle processes, gravitational or
chemical? Explain your reasoning.
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5. How is the process of degassing in the carbon cycle different from the process of
evaporation in the water cycle?
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Objectives
Upon completion of this activity, you will be able to:

Recognize how carbon moves through the environment.
Reason about the role of different events in changing CO2 concentrations in
Earth’s atmosphere

o Reason to how this will impact temperature

Causal Principles

1.

s wn

o

Gravitational energy, thermal energy andfor chemlcal energy drive all movement
and change of matter on Earth.

A system is in equilibrium when energy in the system is balanced.

Matter moves and changes to return a system to equilibrium.

Energy is needed to break bonds and is released when bonds form.
Temperature is a measure of the movement of molecules. Higher temperature
means molecules are moving faster.

When molecules move faster, the density of most substances decreases. Water
is an anomaly because liquid water is more dense than ice.

Buoyancy causes materials to rise or fall due to the relative density of materials.
Feedback Loops can accelerate, decelerate, or dampen change.

PART 1: Background Notes

Part 1: Class Work
Brainstorm the important reservoirs, processes, and impacts on residence times for the
carbon cycle.

Characteristic Carbon Cycle

Reservoirs
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Objectives ' i
Upon completion bf*this activity, you will be able to:

Recognize how carbon moves through the environment.
Reason about the role of different events in changing CO2 concentrations in
Earth’s atmosphere

o Reason to how this will impact temperature

Causal Principles

1.
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Gravitational energy, thermal energy and/or chemical energy drive all movement
and change of matter on Earth.

A system is in equilibrium when energy in the system is balanced.

Matter moves and changes to return a system to equilibrium.

Energy is needed to break bonds and is released when bonds form.
Temperature is a measure of the movement of molecules. Higher temperature
means molecules are moving faster.

When molecules move faster, the density of most substances decreases. Water
is an anomaly because liquid water is more dense than ice.

Buoyancy causes materials to rise or fall due to the relative density of materials.
Feedback Loops can accelerate, decelerate, or dampen change.

PART 1: Background Notes

Part 1: Class Work
Brainstorm the important reservoirs, processes, and impacts on residence times for the
carbon cycle.

Characteristic Carbon Cycle

Reservoirs

Processes

Residence Times
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Part 2: Group Work

A. Make sure everyone in your group understands these terms before moving on.
1. Reservoirs:

2. Evaporation:
3. Degassing:

4. Chemical Energy (when is energy used and when is energy released?)

B. Answer the following questions aboui the carbon cycle. Try to include your reasoning
along with your answer — What evidence do you have to support your answer?

1. What is the largest carbon reservoir? Explain your reasoning.
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4. Which form of energy is more important for carbon cycle processes, gravitational or
chemical? Explain your reasoning.
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5. How is the process of degassing in the carbon cycle different from the process of
evaporation in the water cycle?
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C. Scenario Questions

1. Imagine we rapidly uplift a large chunk of continental lithosphere to make a huge
mountain range. This would expose a large volume of rocks, eventually producing
small pieces of rock and chemical products, such as bicarbonate, during weathering.
These weathering products make their way into streams and eventually oceans.

a. How would this upiift impact the residence time of COZ2 in the atmosphere?
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b. Significantly more COZ2 exists in the atmosphere since the industrial
revolution and the widespread use of fossil fuels. What has been the impact
of this added CO2 on the weathering rate of rocks found in mountains,
monuments, and bricks?
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2. Describe a situation where the size of a reservoir in the carbon cycle is changed and
how this impacts the residence time of CO2 throughout the entire Earth system.
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3. Describe a situation where the residence time for a reservoir in the carbon cycle is
changed and how this impacts the residence time of CO2 throughout the entire
Earth system. :
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Part 3: Homework
If you complete the group work, you may work on the homework on your own. This
means your answers should be generally unique from other students’ answers. Submit
your homework using ANGEL.

1. Describe what it means for a reservoir to change size.

2. Describe a situation where the residence time for a reservoir in the carbon cycle is
increased and how this impacis the residence time of CO2 throughout the entire
Earth system.

3. Describe a situation where the residence time for a reservoir in the carbon cycle is
decreased and how this impacts the residence time of CO2 throughout the entire
Earth system.

4. How does an atom of carbon move from coal info the atmosphere? Explain what
would happen to Earth’s temperature if the processes that move carbon into the
atmosphere slowed down.

5. Recall our earlier work with ocean acidification. How does an atom_of carbon move
from CO2 in water into rock? How would an increase in the processes that move
carbon into rock impact Earth’s temperature?

6. Just for fun: How does an atom of carbon move from HCQO3 in water into carbon in
your skin?
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Objectives
Upon completion of this activity, you will be able to:
« Recognize how carbon moves through the environment.
« Reason about the role of different events in changing CO2 concentrations in
Earth’'s atmosphere
o Reason to how this will impact temperature

Causal Principles

1. Gravitational energy, thermal energy and/or chemical energy drive all movement
and change of matter on Earth.
A system is in equilibrium when energy in the system is balanced.
Matter moves and changes 1o return a system to equilibrium.
Energy is needed to break bonds and is released when bonds form.
Temperature is a measure of the movement of molecules. Higher temperature
means molecules are moving faster.
When molecules move faster, the density of most substances decreases. Water
is an anomaly because liquid water is more dense than ice.
7. Buoyancy causes materials to rise or fall due to the relative density of materials.
8. Feedback Loops can accelerate, decelerate, or dampen change.
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Part 1: Class Work
Brainstorm the important reservoirs, processes, and impacts on residence times for the
carbon cycle.

Characteristic ) Carbon Cycle
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Part 2: Group Work
A. Make sure everyone in your group understands these terms before moving on.

1. Reservoirs: \/
2. Evaporation: \/
3. Degassing: \/

4. Chemical Energy (when is energy used and when is energy released?)

B. Answer the following questions about the carbon cycle. Try to include your reasoning
along with your answer — What evidence do you have to support your answer?

1. What is the largest carbon reservoir? Explain your reasoning. J
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2. Which carbon reservoir has the longest residence time? Explain your reasoning.
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3. Which carbon reservoir has the shortest reservoir time? Explain your reasoning.
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4. Which form of energy is more important for carbon cycle processes, gravitational or
chemical? Explain your reasoning.
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5. Howis the?érocess of degassing in the carbon cycle different from the process of
evaporation in the water cycle?
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C. Scenario Questions

1. Imagine we rapidly uplift a large chunk of continental lithosphere to make a huge
mountain range. This would expose a large volume of rocks, eventually producing
small pieces of rock and chemical products, such aspicarbonate; duzing.weathering.
These weathering products make their way inio streams-and-eveniually oceans.
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a. How would this uplift impact the residence time of CO2 in the atmosphere?
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b. Significantly more COZ2 exists in the atmosphere since-the industrial Ko }WD
revolution and the widespread use of fossil fuels. What has been the impact
of this added CO2 on the weathering rate of rocks found in mountains,
monuments, and bricks?
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2. Describe a situation where thé size oba reservoir in the carbon cycle is changed and
how this impacts the residence of CO2 throughout the entire Earth system.
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Part 3: Homework

If you complete the group work, you may work on the homework on your own. This
means your answers should be generally unique from other students’ answers. Submit
your homework using ANGEL.

1. Describe what it means for a reservoir to change size.

2. Describe a situation where the residence time for a reservoir in the carbon cycle is
increased and how this impacts the residence time of CO2 throughout the entire
Earth system.

3. Describe a situation where the residence time for a reservoir in the carbon cycle is
decreased and how this impacts the residence time of CO2 throughout the entire
Earth system.

4. How does an atom of carbon move from coal into the atmosphere? Explain what
would happen to Earth’'s temperature if the processes that move carbon into the
atmosphere slowed down.

5. Recall our earlier work with ocean acidification. How does an atom of carbon move
from CO2 in water into rock? How would an increase in the processes that move
carbon into rock impact Earth’s temperature?

6. Just for fun: How does an atom of carbon move from HCO3 in water into carbon in
your skin?
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Objectives
Upon completion of this activity, you will be able to:
« Recognize how carbon moves through the environment.
« Reason about the role of different events in changing CO2 concentrations in
Earth’'s atmosphere
o Reason to how this will impact temperature

Causal Principles

1. Gravitational energy, thermal energy and/or chemical energy drive all movement
and change of matter on Earth.
A system is in equilibrium when energy in the system is balanced.
Matter moves and changes to return a system to equilibrium.
Energy is needed to break bonds and is released when bonds form.
Temperature is a measure of the movement of molecules. Higher temperature
means molecules are moving faster.
When molecules move faster, the density of most substances decreases. Water
is an anomaly because liquid water is more dense than ice.
Buoyancy causes materials to rise or fall due to the relative density of materials.
. Feedback Loops can accelerate, decelerate, or dampen change.
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PART 1: Background Notes

Part 1: Class Work
Brainstorm the important reservairs, processes, and impacts on residence times for the
carbon cycle.

Characteristic Carbon Cycle

Reservoirs

Processes

Residence Times
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Part 2: Group Work
A. Make sure everyone in your group understands the‘jt/a terms before m vir[g on.

1. Reservoirs: \QLU Wf/ M / g WM\ i OLQL&,V\ﬁ af
2. Evaporation:P ( W/bﬂlf\, [IL\M\MV\) % Wm‘lgq
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3. Degassing:
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4. Chemical Energy (when is energy used and when is energy released?)
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B. Answer the following questions abaut the carbon cycle. Try to include your reasoning
along with your answer — What evidence do you have to support your answer?

1. What is the largest carbon reservoir? Explain your reasoning.
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3. Which carbon reservoir has the shortest reservoir time? Explain your reasoning.
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4, Which form of energy is more important for carbon cycle processes, gravitational or .
chemical? Explain your reasoning.

i (ad becatige LZbON OESTE 1h (o mainn/
Aot Compounds.

5. How is the process of degassing in the carbon cycle different from the process of
evaporation in the water cycle?
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C. Scenario Questions

1. Imagine we rapidly uplift a large chunk of continental lithosphere to make a huge
mountain range. This would expose a large volume of rocks, eventually producing
small pieces of rock and chemical products, such as bicarbonate, during weathering.
These weathering products make their way into streams and eventually oceans.

a. How would this upiift lmpact the residence time of CO2 in the atmosphere’? -
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b. Signifi cantiy more COZ ex1sts in the atmosphere since the industrial
revolution and the widespread use of fossil fuels. What has been the impact
of this added CO2 on the weathering rate of rocks found in mountains,
monuments, and bricks?
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2. Describe a situation where the size of a reservoir in the carbon cycle is changed and
how this impacts the residence time of CO2 throughout the entire Earth system.
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3. Describd a S!tuatlon where th reS|dence tim for a reservoir in the carbon cycle is
changed and how this impacts the residence time of CO2 throughout the entire
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Part 3: Homework

If you complete the group work, you may work on the homework on your own. This
means your answers should be generally unique from other students’ answers. Submit
your homework using ANGEL.

1. Describe what it means for a reservoir to change size.

2. Descfibe a situation where the residence time for a reservoir in the carbon cycle is
increased and how this impacts the residence time of CO2 throughout the entire
Earth system.

3. Describe a situation where the residence time for a reservoir in the carbon cycle is
decreased and how this impacts the residence time of CO2 throughout the entire
Earth system.

4. How does an atom of carbon move from csal into the atmosphere? Explain what
would happen to Earth’s temperature if the processes that move carbon into the
atmosphere slowed down.

5. Recall our earlier work with ocean acidification. How does an atom of carbon move
from CO2 in water into rock? How would an increase in the processes that move
carbon into rock impact Earth's temperature?

6. Just for fun: How does an atom of carbon move from HCO3 'in water into carbon in
your skin?
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Objectiveg @2 a iy
Upon completibp:of-this actl\m;y you will be able to:”
Recogifizé hotr-tarbon moves through the environment.
« Reason about the role of different events in changing CO2 concentrations in
Earth’s atmosphere
o Reason to how this will impact temperature

Causal Principles

1. Gravitational energy, thermal energy and/or chemical energy drive all movement
and change of matter on Earth.

hwn

A system is in equilibrium when energy in the system is balanced.

Matter moves and changes to return a system to equilibrium.

Energy is needed to break bonds and is released when bonds form.
Temperature is a measure of the movement of molecules. Higher temperature

means molecules are moving faster.

o

When molecules move faster, the density of most substances decreases. Water

is an anomaly because liquid water is more dense than ice.

o N

Buoyancy causes materials to rise or fall due to the relative density of materials.
Feedback Loops can accelerate, decelerate, or dampen change.

PART 1: Background Notes

Part 1: Class Work

Brainstorm the important reservoirs, processes, and impacts on residence times for the

carbon cycle.

Characteristic

Carbon Cycle
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Part 2: Group Work / 7 "" ) -~ ARISOROZ S
A. Make sure everyone in your group understands these terffis before moving on.
1. Reservoirs:ﬂm_gs wNete poker {§ Stoled (oc CQ(bofﬂ

2. Evaporation:QV\(L(\gn’\(’j &Om O \\C\Uld to OK%CLA.-.

3. Degassing:mw A ﬁom ad- FYO m oNe. {-QS{(UO\(
10 @r\oww J | |

4. Chemical Energy (when is energy used and when is energy released?) \
050 Wi o oy bondy and  (Llpsed Wien
bonds- Gre foimed.

B. Answer the following questions about the carbon cycle. Try to include your reasoning
along with your answer — What evidence do you have to support your answer?

1. What is the largest carbon reservoir? Explain your reasoning.

LeSote- Decauose W is . modae of au e deod
ofqonuc O

2. Which carbon reservoir has the longest residence time? Explain your reasoning.

Proospfule. Decanse W geds fyapped and 1t

QSO Moves inang ooy T layoesr yes N
Mo ion €<)§ r}maué\oa R 9 Sl Nos

3. Which carbon feservair has the shortest reservoir time? Explain your reasoning.

BIOMOSS  hecauoSe WS M Smotust feselyen,
Ne SO (25¢(vor( Nos T SNUHEDA (2 SadlnO hpve

4. Which form of energy is more important for carbon cycie processes, gravitational or
chemical? Explain your reasoning.

Cpemical eflefgl . Necowse Tte 1S Mot
Phose c\'\anquﬁu‘%w UL Chaumi Cl 4ney gy

Tnan glautrahonet entigy -
5. How is the process of degassing in the carbon cycle different from the process of
evaporation in the water cycle?

Degassing 1S & OGS Going From onu
(2Se(yoi( 40 nofwy, and  Wapoonan
1S Changing frome hquid 1o gas-
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C. Scenario Questions _

1. Imagine we rapidly uplift a large chunk of continental lithosphere to make a huge
mountain range. This would expose a large volume of rocks, eventually producing

small pieces of rock and chemical products, such as bicarbonate, during weathering.
These weathering products make their way into streams and eventualiy oceans.

a. How would this uplift impact the residence time of CO2 in the atmosphere?

WL he fpded oG ulealudLd. In ol dan
Yo WML (o Yoo v Loz by oitin

H 0ur OF N (6ls and Ao Cor
MO DL ahMospRu(e . RAME.

b. Significantly more CO2 exists in the atmosphere since the industrial
revolution and the widespread use of fossil fuels. What has been the impact
of this added CO2 on the weathering rate of rocks found in mountains,
monumenis, and bricks?

T MO COL N il armosphade,
e Mot acd foan fee 1S, e fole
53 C/q(/\M/

2. Describe a situation where the size of a reservoir in the carbon cycle is changed and
how this impacts the residence time of CO2 throughout the entire Earth system.

Wi s ¢ pond. G 15 QYN Up> SO

e esidavinoe hinae MW\MJ SN *k/(\?
Sot e wok, S0 e eSvadNee e ol
Mo GhnospRie anos bosphuere. geds Longel.

3. Describe a situation where the residence time for a reservoir in the carbon cycle is
changed and how this impacts the residence time of CO2 throughout the entire

Earth system.

Tune S 6 lade hox 1S by o Shream,
ONG P Shrzon SYouds Howing fagrs

3w flue 1§ Qreaky moing he
(eQdAnGe honde Wsa 10 A Lo
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Part 3: Homework *
If you complete the group work, you may work on the homework on your own. This

means your answers should be generally unique from other students’ answers. Submit
your homework using ANGEL.

1. Describe what it means for a reservoir to change size.

2. Describe a situation where the residence time for a reservoir in the carbon cycle is
increased and how this impacts the residence time of CO2 throughout the entire
Earth system.

3. Describe a situation where the residence time for a reservoir in the carbon cycle is
decreased and how this impacts the residence time of CO2 throughout the entire
Earth system.

4. How does an atom of carbon move from coal into the atmosphere? Explain what
would happen to Earth’'s temperature if the processes that move carbon into the
atmosphere slowed down.

5. Recall our earlier work with ocean acidification. How does an atom of carbon move
from CO2 in water into rock? How would an increase in the processes that move
carbon into rock impact Earth’s temperature?

6. Just for fun: How does an atom of carbon move from HCO3 in water into carbon in
your skin?
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Objectives
Upon completion of this activity, you will be able to:

Recognize how carbon moves through the environment.
Reason about the role of different events in changing CO2 concentrations in
Earth’s atmosphere

o Reason to how this will impact temperature

Causal Principles

1.

OhwN

o

o~

Gravitational energy, thermal energy and/or chemical energy drive all movement
and change of matter on Earth.

A system is in equilibrium when energy in the system is balanced.

Matter moves and changes to return a system to equilibrium.

Energy is needed to break bonds and is released when bonds form.
Temperature is a measure of the movement of molecules. Higher temperature
means molecules are moving faster.

When molecules move faster, the density of most substances decreases. Water
is an anomaly because liquid water is more dense than ice.

Buoyancy causes materials to rise or fall due to the relative density of materials.
Feedback Loops can accelerate, decelerate, or dampen change.

PART 1: Background Notes

Part 1: Class Work
Brainstorm the important reservoirs, processes, and impacts on residence times for the
carbon cycle.

Characteristic Carbon Cycle

Reservoirs

ﬂl"l‘ofpl\u’{, / g MUS 5} \5\""\0«‘(\,.,.4,' ‘“1}«&) M”"‘-
Dl

Processes

U{hm‘\ll &‘A’i"\\/ Mfuf'ﬁ\ﬁrpl‘"m} i"‘h ANL-U\I Vﬁ'(ﬂf‘\t{ DV‘}P"’"‘.'B

Residence Times

\0\-'“(\\\:\&\-‘: Jeldd%) a/ab(f‘Ltc..L'ml,
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Part 2: Group Work
A. Make sure everyone in your group understands these terms before moving on.

1. irs:
Reservoirs Ph’“{ e Cobhny oo L
2. Evaporation: .\%wk iy 55

3. Degassing: AARS M )f\w“‘g‘* o \,@.}\ b Nadn

4. Chemical Energy (when is energy used and when is energy released?)
gyl or 1ok S o] recchins,

B. Answer the following questions about the carbon cycle. Try to include your reasoning
along with your answer — What evidence do you have to support your answer?

1. What is the largest carbon reservoir? Explain your reasoning. j /tdf
. . . ) A . (‘
B‘o’ cﬂw )%a&ﬂl-%-- Mlﬂ:m Vol -’12:?/{ o }'lﬁ/l"ﬂf P }‘Jf/ﬁm

2. Which carbon reservoir has the longest residence time? Explain your reasoning.

Brusplee decatte e cockn 1 So HshHy puckd

3. Which carbon reservoir has the shortest reservoir time? Explain your reasoning.

L“/J"”PJWC-, Mow  prote S5 bie. phee ta T hydronple fea
N O‘}Lu- (CCorvoirs,

4. Which form of energy is more important for carbon cycie processes, gravitational or
chemical? Explain your reasoning.

Ckf"“‘cs\, ;e proce,{{kg N hcc’;dc Lot Cltﬂ"?w, a/u,& y
2448 W‘O('K"\C‘*HC" ' mh\g'\b ! M,r[f»mar-m\-‘m\.

5. How is the process of degassing in the carbon cycle different from the process of
evaporation in the water cycle?

’n// c,;{lyw\ Jk“;‘ AoP (‘Z&}p{"‘% S‘étl\'»:

/
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C. Scenario Questions

1. Imagine we rapidly uplift a large chunk of continental lithosphere to make a huge
mountain range. This would expose a large volume of rocks, eventually producing
small pieces of rock and chemical products, such as bicarbonate, during weathering.
These weathering products make their way into sireams and eventually oceans.

a. How would this uplift impact the residence time of CO2 in the atmosphere?

’L“— Won ’J NP fe F&f'b{““-'t_ Hine !OCC(AM( of rw'!“.\e‘/f"ﬁ ’

b. Significantly more CO2 exisis in the atmosphere since the industrial
revolution and the widespread use of fossil fuels. What has been the impact
of this added CO2 on the weathering rate of rocks found in mountains,
monuments, and bricks?

wkh(j) has M@QC{J )KC(,\MA wnILr aml CGL C(wlt 000‘( DL&;L

W@L«?‘/‘FS d((?wh mcks. ﬂ"—'\i l?w&fc, Cce-f }7.«_, i h’( 617[#0{;71(_(&
So ﬁww,li be acre. reuc '[Uc,c; fo  awahe acw!,

2. Describe a situation where the size of a reservoir in the carbon cycle is changed and
how this impacts the residence time of CO2 throughout the entire Earth system.

Duﬁwglﬂlhv\ hos @%M he cbehea C}’u’k becance  Jese Fees
(At VG-‘S COL cind were u(ahtnb l‘af 0(6,,,!0/_

3. Describe a situation where the residence time for a reservoir in the carbon cycle is
changed and how this impacts the residence time of CO2 throughout the entire
Earth system.

ﬂ{ s o b "Cpf"".( Q&é ]“\'S ﬂ/\(r(uo«,’ fle "““‘“‘"'LGLCGZ s e
0\1"/’\&(/91((6 OVLO‘{ Aﬁ-c ot((‘.fdouc&j h’( (‘CC-‘#'&MA_ J—"”L kN M&Mnl’hrks

O\J ¢ /’l«/ rot kﬁ l%r_m% WL o frcrelse e AV&J ‘
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Part 3: Homework

If you complete the group work, you may work on the homework on your own. This
means your answers should be generally unique from other students’ answers. Submit
your homework using ANGEL.

1. Describe what it means for a reservoir to change size.

2. Describe a situation where the residence time for a reservoir in the carbon cycle is
increased and how this impacts the residence time of CO2 throughout the entire
Earth system.

3. Describe a situation where the residence time for a reservoir in the carbon cycle is
decreased and how this impacts the residence time of CO2 throughout the entire
Earth system.

4. How does an atom of carbon move from coal into the atmosphere? Explain what
would happen to Earth’s temperature if the processes that move carbon into the
atmosphere slowed down.

5. Recall our earlier work with ocean acidification. How does an atom of carbon move
from CO2 in water into rock? How would an increase in the processes that move
carbon into rock impact Earth’s temperature?

6. Just for fun: How does an atom of carbon move from HCO3 in water into carbon in
your skin?
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Objectives
Upon completion of this activity, you will be able to:

Recognize how carbon moves through the environment.
Reason about the role of different events in changing CO2 concentrations in
Earth’'s atmosphere

o Reason to how this will impact temperature

Causal Principles

1.

mbhwph

o

Gravitational energy, thermal energy and/or chemical energy drive all movement
and change of matier on Earth.

A system is in equilibrium when energy in the system is balanced.

Matter moves and changes to return a system to equilibrium.

Energy is needed to break bonds and is released when bonds form.
Temperature is a measure of the movement of molecules. Higher temperature
means molecules are moving faster.

When molecules move faster, the density of most substances decreases. Water
is an anomaly because liquid water is more dense than ice.

. Buoyancy causes materials to rise or fall due to the relative density of materials.

Feedback Loops can accelerate, decelerate, or dampen change.

PART 1: Background Notes

Part 1: Class Work

Brainstorm the important reservoirs, processes, and impacts on residence times for the
carbon cycle.

Characteristic Carbon Cycle

Reservoirs s sphats, L/\/wwf/ﬂw*",!q;p;/w, (it osp i

/w&s*ff ([;I'qu;s) . [,‘,1,,4,5,710,\,(_ (/pdc.,r) , Otearns

Processes MWWWM“; D R W burniny,

e Wfﬂ) Z W tjﬂﬁufgrﬁ\ b vrertho“fﬂ f)”"'n‘ ¥y
T 4 rd riki

Residence Times

Ohwﬂ&wﬁ‘/ﬂ-, (‘/fma\n}. g C’;‘:N{e‘,rwor‘ff

docieest, reservers = elecreats FEG fime
Heevreory, Flex = Incwemyy g, foms—
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Part 2: Group Work

A. Make sure everyone in your group understands these terms before moving on.
1. Reservoirs: fm,u, Whire ooty 5 Stoled

ISP203A — Global Change
Cycles

2. Evaporation: Ne  process of wafr molecuies PMOVIng Bty e wma;/om_e_. AL Luddr
17 therimnl 64%0’}7

3. Degassing: rewwvnl of disfouss GeSen oo Lyvids

4. Chemical Energy (when is energy used and when is energy released?)  fu L mnsron eyl
a horntcal  eoehon -

B. Answer the following questions about the carbon cycle. Try to include your reasoning
along with your answer — What evidence do you have to support your answer?

1. What is the largest carbon reservoir? Explain your reasoning.

A oSpnece (oSt corioon)

2. Which carbon reservoir has the longest residence time? Explain your reasoning.

Lithosphexe - selid molecsles &R onove
Slowesr o (iotui d oc 80\3 )
3. Which carbon reservoir has the shortest reservoir time? Explain your reasoning.

ﬂﬁhosph exe - 7

4. Which form of energy is more important for carbon cycle processes, gravitational or
chemical? Explain your reasoning.

Chemicol -# Cosbon hos Mooy diffecert forony
1O g\mc_ Cox oo oyt CHCOs , CO% ,+@,.onj
ong ¢l e o Sl e coorec iy
5. Howis thleq p%ggg%ﬁjegggi%%n %e carbon cycle different f:g%n the process of A\ o
evaporation in the water cycle? Luodeec

DegasSin isat c\nancmg C,herﬂiccx“\j g
61'&3 s COz) gasj SSCapPing
E\/O\POTOL&\OT\ S H’ZZO H Loeder \/QPO('

(liquid ‘o Sa.s')
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C. Scenario Questions

1. Imagine we rapidly uplift a large chunk of continental lithosphere to make a huge
mountain range. This would expose a large volume of rocks, eventually producing
small pieces of rock and chemical products, such as bicarbonate, during weathering.
These weathering products make their way into streams and eventually oceans.

a. How would this uplift impact the residence time of CO2 in the aimosphere?
up it & woeath eINg InCresses CO2 1nto e
alonospnet. | moce COZ = T esidence tione

b. Significantly more CO2 exists in the atmosphere since the industrial
revolution and the widespread use of fossil fuels. What has been the impact
of this added CO2 on the weathering rate of rocks found in mountains,
monuments, and bricks?

-9 weathering  due to precipitation $rpm
\V'\C“ QO?. Csmhgugt 8055363)
L adbmaosphest

2. Describe a situation where the size of a reservoir in the carbon cycle is changed and
how this impacts the residence time of CO2 throughout the entire Earth system.

3. Describe a situation where the residence time for a reservoir in the carbon cycle is
changed and how this impacts the residence time of CO2 throughout the entire
Earth system.
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Part 3: Homework RO

If you complete the group work, you may work on the homework on your own. This
means your answers should be generally unique from other students’ answers. Submit
your homework using ANGEL.

1. Describe what it means for a reservoir to change size.

The Qux [ out de;’rcxm'\ﬁ‘es' e Size
(how Much orthe Matteris n d“\

2. Describe a situation where the residence time for a reservoir in the carbon cycle is
increased and how this impacts the residence time of CO2 throughout the entire

Earth system. , ,
arh sysem Dé’:ﬁ)( C.’iCLJClOﬂ - burr\mﬂ
T Coson N @d‘l“ﬂo?:phcfe_ ) gl fesidence +ime

3. Describe a situation where the residence time for a reservoir in the carbon cycle is
decreased and how this impacis the residence time of CO2 throughout the entire

Earth system. . . .
an INgrease W p\ O\hjc‘b— vse up CO2 W
| otNCsPnet<e
V residence time of C i odnosphene
4. How does an atom of carbon move from coal into the atmosphere? Explain what

would happen to Earth’s temperature if the processes that move carbon into the
atmosphere slowed down.

, Burn cool — 00z in adthmosphele
IF 1 Gowed down the residence Size. woul\d dec |
and The +emMp Loould Cool Aoten (ess COz n admosp)
5. Recall our earlier work with ocean acidification. How does an atom of carbon move | gat- cony

from CO2 in water into rock? How would an increase in the processes that move €s e
carbon into rock impact Earth's temperature? < L% .
Mofe Nnou-

Mpo +C02 - HLo5~ .. HzaCoOg

Coz” Ca 93 Lnmostas

6. Just for fun: How does an atom of carbon move from HCO3 in water into carbon in
your skin?

HCC)gT N W@C‘Ier‘

CaCO3  Intums

O radn dfbp s (OCK,

5“{65 0{‘9 Cﬁ'i_
prant vses CO, —r we eat plont
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Objectives : :
Upon completion of this -activity, you will be able to: ‘
» Recognize how carbon moves through the environment.
« Reason about the role of different events in changing CO2 concentrations in
Earth's atmosphere R o R
o Reason to how this will impact temperature

Causal Principles - ) : c

1. Gravitational energy, thermal energy and/or chemical energy drive all movement
and change of matter on Earth.
A system is in equilibrium when energy in the system is balanced.
Matter moves and changes to return a system to equilibrium.
Energy is needed to break bonds and is released when bonds form.
Temperature is a measure of the movement of molecules. Higher temperature
means molecules are moving faster.
When molecules move faster, the density of most substances decreases. Water
is an anomaly because liquid water is more dense than ice.
7. Buoyancy causes materials to rise or fall due to the relative density of materials.
8. Feedback Loops can accelerate, decelerate, or dampen change.

akoN

o

PART. 1: Béckground_ Notes

v

Part 1: Class Work _ & : _
Brainstorm the important reservoirs, processes, and impacts on residence times for the
carbon cycle.

Characteristic Carbon Cycle

Forests (.B:oma.s:), Lestione Llrtaacf;)ba Dteans
Reservoirs (Nydip sphers) ohosphere (L0 manag)

: WE atitijng, (H€4as5inNg | BUN <4 Pnolosyniesis ; Rasyinmne
Processes Burmng, Ocean Acrdifitatin,

. Unenge FIUK, cngnce 5128y diCRedst VLzed WIY sz,
Residence Times Jage e {"“"f eV lasy o,
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Part 2: Group Work

GROUP #:
Student IDs of Members Present:

A 3490555 2

A 42 30Dk
A US| 3a4ud

A. Make sure everyone in your group understands these terms before moving on.
of mater-

1. Reservoirs: Lotghon

2. Evaporation: ¢\~ wng e

0f a Uquid o a gas.

3. Degassing: -ty Chﬁﬂ%ﬁ N Wlachon of a §as.

4, Chemical Energy (when is energy used and when is energy released?)

B. Answer the following questions about the carbon cycle. Try to include your reasoning
along with your answer — What evidence do you have to support your answer?

1. What is the largest carbon_ reservoir? Explain your reasonipg,

Which carbon reservoir has the longest residence time? Explain your reasoning.

3
L

3. Which carbon reservoir has the

2. DCeon - ONAO N
\Q})OLS ") &:’ ' 6
e "’ ,/" -

o)) WL

ortest reservoir time? Explain your reasoning.

> Buospta
UMK _PYo us %M

4. Which form of energy is more important for carbon cycie processes, gravitational or
ooy . .
chemical? Explain yourreasoning: (0 ypae ad ) cnan ga NG Dims
LIRS AV Fo X ' PR

‘5. How is'the process ‘of degassing in the carbon cycle different from the process of

evaporation in the water cycle? - Iﬁ ‘ e \fCLPO’fC‘FnOh . He <

. c)r\anég 1M

w5 form  goEsnY Change only  its

2

B ut n Cle ¢ G35
|OCahe .
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C. Scenario Questions

1. Imagine we rapidly uplift a large chunk of continental lithosphere to make a huge
mountain range. This would expose a large volume of rocks, eventually producing
small pieces of rock and chemical products, such as bicarbonate, during weathering.
These weathering products make their way into streams and eventually oceans.

a. How would this uplift impact the residence time of CO2 in the atmosphere?

b. Significantly more CO2 exists in the atmosphere since the indusitrial
revolution and the widespread use of fossil fuels. What has been the impact
of this added CQO2 on the weathering rate of rocks found in mountains,

monuments, and bricks?
' T More ¥ ahien pf -
WA ncg.

N 2eye 1N

2. Describe a situation where the size of a reservoir in the carbon cycle is changed and
how this impacts the residence time of CO2 throughout the entire Earth system.

3. Describe a situation where the residence time for a reservoir in the carbon cycle is
changed and how this impacts the residence time of CO2 throughout the entire

carhoystem: T € W feidenq hme pf ciffenens
W e sevol'S ek 4o onanoce + w ol

V'\A«\/Ub Qa_ YL +, N
e £ e en W QU pgpanc
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Part 3: Homework Lo

If you complete the group work, you may work on the homework on your own. This
means your answers should be generally unique from other students’ answers. Submit
your homework using ANGEL.

1. Describe what it means for a reservoir to change size.

2. Describe a situation where the residence time for a reservoir in the carbon cycle is
increased and how this impacts the residence time of CO2 throughout the entire
Earth system.

3. Describe a situation where the residence time for a reservoir in the carbon cycle is
decreased and how this impacts the residence time of CO2 throughout the entire
Earth system.

4. How does an atom of carbon move from coal into the atmosphere? Explain what
would happen to Earth’s temperature if the processes that move carbon into the
atmosphere slowed down.

5. Recall our earlier work with ocean acidification. How does an atom of carbon move
from CO2 in water into rock? How would an increase in the processes that move
carbon into rock impact Earth’s temperature?

6. Just for fun: How does an atom of carbon move from HCO3 in water into carbon in
your skin?
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Objectives
Upon completion of this activity, you will be able to:
+ Recognize how carbon moves through the environment.
« Reason about the role of different events in changing CO2 concentrations in
Earth’s atmosphere
o Reason to how this will impact temperature

Causal Principles

1. Gravitational energy, thermal energy and/or chemical energy drive all movement
and change of matter on Earth.
A system is in equilibrium when energy in the system is balanced.
Matter moves and changes to return a system to equilibrium.
Energy is needed to break bonds and is released when bonds form.
Temperature is a measure of the movement of molecules. Higher temperature
means molecules are moving faster.
When molecules move faster, the density of most substances decreases. Water
is an anomaly because liquid water is more dense than ice.
Buoyancy causes materials to rise or fall due to the relative density of materials.
Feedback Loops can accelerate, decelerate, or dampen change.

ORhwbh

o~ o

PART 1: Background Notes

Part 1: Class Work
Brainstorm the important reservoirs, processes, and impacts on residence times for the
carbon cycle.

Characteristic Carbon Cycle

Reservoirs

Processes

Residence Times
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Part 2: Group Work

A. Make sure everyone in your group understands these terms before moving on.
1. Reservoirs: flyp o+ acen Where maller 2 shored.

2. Evaporation: Chqnatxus -(Nm 4 \N(M \Lo o dru
3. Degassing: W spement o A QQS —(‘\O”L oh ¢ Cesetverl \e u.a}u[e(

4. Chemical Energy {when is energy used and when is energy released?)
Emr@( stored  and celased  Crom  the (}:rmm@ k lorécvé-\{l?
a( bonds

B. Answer the following questions about the carbon cycle. Try to include your reasoning
along with your answer — What evidence do you have to support your answer?

1. What is the largest carbon reservoir? Explain your reasoning.

Li%os@i\em v the lqaeﬁ}r oacbon, reservors (hix e becavse
cacbon = Lovad many areas hece( meslose and €02 aud
W mass quaatibes.

2. Which carbon reservoir hag the longest residence time? Explain your reasoning.

ﬂ\U?\Lkos@kere, has the Lméczxt ressdotce Twe  becasse

4‘"\6‘\&[\5 a ﬁh@r*L (lva Eu' r\{f“é 6{[50 q \rer‘y lQFg(

esenvo ot
3. Which carbon reservoir has the shoriest reservoir time? Explain your reasoning.

The abmosghere  Hes the shocdest teservorr fome. Thin
becrose, W hac a h@ QO)(; 0 W He Q‘Lmosfhe e s
Condan mefing M qud out

4. Which form of energy is more important for carbon cycle processes, gravitational or
chemical? Exilain your reasoning.

Chemiea\ oue s oot tggotent oo carbonr cyele
Plocesses « Ths gra € AUSe cArgeL 5 codsﬁq:ﬁlj chaﬁ@r}ﬁ
formy, M Yecms o e lecy les. €qrel{ does | hx as Jost ca

5. How is the process of degassing in the carbon cycle different from the process of
evaporation in the water cycle?

Peoassrag ™ casbon cyele s t)h@er—mjr Com the
(Pmagessﬂ G'C em?om\@\aﬂ e ‘H‘l( WGOLPF CYclf éeccmse
tere % o phase chatge. Th remains a gas
ViR ey X -ML“C‘({ l\)l%arﬁ '?L 696’5 (Nrm q

€ Vi
Lm(w‘i\ 0 @’ B

rbon.
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C. Scenario Questions

1. Imagine we rapidly uplift a large chunk of continental iithosphere to make a huge
mountain range. This would expose a large volume of rocks, eventually producing
small pieces of rock and chemical products, such as bicarbonate, during weathering.
These weathering products make their way into streams and eventually oceans.

a. How would this uplift impact the residence time of CO2 in the atmosphere?
Ths “(;\.\CL lc@?ﬁt& herease  the resnd eqce Lime.
o OOy on Hig qimoﬁpkeoe. The b becquse Hie
reserdor svz e & s‘lqyrﬂa Ve same, bo- i the
flox o v vacceas™Mg:

b. Significantly more CO2 exists in the atmosphere since the industrial
revolution and the widespread use of fossil fuels. What has been the impact

of this added CO2 on the weathering rate of rocks found in mountains,
monuments, and bricks?

The added €O, . the &MOSMQ re has  cqused
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2. Describe a situation where the size of a reservoir in the carbon cycle is changed and
how this impacts the residence time of CO2 throughout the entire Earth system.

De(oreﬁlu\-}o(\J 6 Co Mm clcm;n \gresﬁ " %Q
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3. Describe a situation where the residence time for a reservoir in the carbon cycle is
changed and how this impacts the residence time of CO2 throughout the entire

Earth system.
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Part 3: Homework- °,

If you complete the group work, you may work on the homework on your own. This
means your answers should be generally unique from other students’ answers. Submit
your homework using ANGEL.

1. Describe what it means for a reservoir to change size.

2. Describe a situation where the residence time for a reservoir in the carbon cycle is
increased and how this impacts the residence time of CO2 throughout the entire
Earth system.

3. Describe a situation where the residence time for a reservoir in the carbon cycle is
decreased and how this impacts the residence time of CO2 throughout the entire
Earth system.

4. How does an atom of carbon move from coal into the aimosphere? Explain what
would happen to Earth's temperature if the processes that move carbon into the
atmosphere slowed down.

5. Recall our earlier work with ocean acidification. How does an atom of carbon move
from CO2 in water into rock? How would an increase in the processes that move
carbon inio rock impact Earth’'s temperature?

6. Just for fun: How does an atom of carbon move from HCO3 in water into carbon in
your skin?
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Objectives
Upon completion of this activity, you will be able to:
» Recognize how carbon moves through the environment.
» Reason about the role of different events in changing CO2 concentrations in
Earth’s atmosphere
o Reason to how this will impact temperature

Causal Principles

1. Gravitational energy, thermal energy and/or chemical energy drive all movement
and change of matter on Earth.
A system is in equilibrium when energy in the system is balanced.
Matter moves and changes to return a system to equilibrium.
Energy is needed to break bonds and is released when bonds form.
Temperature is a measure of the movement of molecules. Higher temperature
means molecules are moving faster.
When molecules move faster, the density of most substances decreases. Water
is an anomaly because liquid water is more dense than ice.
Buoyancy causes materials to rise or fall due to the relative density of materials.
Feedback Loops can accelerate, decelerate, or dampen change.

A wN

o

o N

PART 1: Background Notes

Part 1: Class Work
Brainstorm the important reservoirs, processes, and impacts on residence fimes for the
carbon cycle.

Characteristic Carbon Cycle
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Part 2: Group Work
A. Make sure everyone in your group understands these Caerms before moving on.

1. Reservoirs: WZX€ 00N 1S Stor

2. Evap%r\atlon '&/V\Q, YOQQSS \MV\Qﬂ &,l[qu]d \S Qhﬁ-“‘fﬂ ﬁCﬁ
\
3. Degassing w movr; +0tg0s Trom On p1ae +0
hotig igntov g Pl

C“Q\\?\ Chenm@? Energy {)wggn &S energy used andv{vﬁnjr("l lsre(r)\@'%/grelzaé?fj()bo h i S Yﬁ\fﬂ&(dj
AN EngYS Y 1SN m mm Cubin HIROLS Q0w Erom

B. Answer the foIIowmg questions about the carbon cycie Try fo include your reasoning bm K@ m
along with your answer — What evidence do you have to support your answer? b D n d S

our reasomng Cb \BSP l/ULT ¢ )

1. WV@ |S{ﬁ, ar est carbon Ez)ervow‘? Explai n K
NS TONT B fe Jrhé\ rc‘y/u B r O

a1
\thom;@,m (% ron OECOU( A

hlch carbon reservoar has the longest res:dence tlme? %plam your reasonlng
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4. Which form of energy is more |mportan1 for arbon cyc roce?@‘g V|tat|0nal or
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chemlcal’? Explain your reasoning. '\ % \i AS V\f\b
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C. Scenario Questions

1. Imagine we rapidly uplift a targe chunk of continental lithosphere to make a huge
mountain range. This would expose a large volume of rocks, eventually producing
small pieces of rock and chemical products, such as bicarbonate, during weathering.
These weathering products make their way into streams and eventually oceans.

w would this u lift impact the residence time of COZ2 in the atmosphere?

oy fyould n Hrost InLres den
V\%@M% gﬁw@, LW@ 1d F{l\/ rét Cef

b. Significantly more CO2 exists in the atmosphere since the industrial
revolution and the widespread use of fossil fuels. What has been the impact
of this added CO2 on the weathering rate of rocks found in mountains,

b?"lcénuments and bricks? 7\ YOQ(Q \I\NQUUTMJ( %U\,S {I
S SEARE L02 NS Y. rouin gy ¢

2. Describe a situation where the size of a reservoir in the carbon cycle is changed and
how this |mpacts the reSIdﬁr{cﬁtlme of COZ2 throughout the entire Earth system.

N\mr 0 v AL 0TEouN CAUSES YW OCEAN +0
M&f ore L, WhiCh briakeS dow)

COoroA ve |
Hf\Q (umogp% NG more cosinte

3. Describe a situation where the residence time for a reservoir in the carbon cycle is
changed and how this impacts the residence time of COZ2 throughout the entire
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Part 3: Homework :

If you complete the group work, you may work on the homework on your own. This
means your answers should be generally unique from other students’ answers Submit
your homework using ANGEL.

1. Describe what it means for a reservoir to change size.

2. Describe a situation where the residence time for a reservoir in the carbon cycle is
increased and how this impacts the residence time of CO2 throughout the entire
Earth system.

3. Describe a situation where the residence time for a reservoir in the carbon cycle is
decreased and how this impacts the residence time of CO2 throughout the entire
Earth system.

4. How does an atom of carbon move from coal into the atmosphere? Explain what
would happen to Earth’s temperature if the processes that move carbon into the
atmosphere slowed down.

5. Recall our earlier work with ocean acidification. How does an atom of carbon move
from CO2 in water into rock? How would an increase in the processes that move
carbon into rock impact Earth’s temperature?

6. Just for fun: How does an atom of carbon move from HCQ3 in water into carbon in
your skin?
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Upon completion of this activity, you will be able to:
+ Recognize how carbon moves through the environment.
« Reason about the role of different events in changing CO2 concentrations in
Earth's atmosphere
o Reason to how this will impact temperature

Causal Principles

1. Gravitational energy, thermal energy and/or chemical energy drive all movement
and change of matter on Earth.

A wn

Temperature is

A system is in equilibrium when energy in the system is balanced. € n&‘(‘gt‘j
Matter moves and changes to return a system to equilibrium.
Energy is heeded to break bonds and is released when bonds form.

a measure of the movement of molecules. Higher temperature

means molecules are moving faster.

o

When molecules move faster, the density of most substances decreases. Water

is an anomaly because liquid water is more dense than ice.
7. Buoyancy causes materials to rise or fall due to the relative density of materials.
8. Feedback Loops can accelerate, decelerate, or dampen change.

PART 1: Background Notes
WiHhrnng JUSES 0, o prodoces (0,
(aticom (oo nocte, = Livnie stont [Sheaas

Part 1: Class Work

Brainstorm the important reservoirs, processes, and impacts on residence times for the

carbon cycle.

Characteristic

Carbon Cycle

Reservoirs \/tc%%a
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Part 2: Group Work
A. Make sure everyone in your group understands these terms before moving on.
1. Reservoirs:

hplage Hhad Stoes (02
2. Evaporation: When @ LLQ(ULd_ Handtorm inth QA gUL’S

> D\?mg: QLSQL’LB (n L otocun MOvES (N0

08 .
4. Ch&rﬁmne gy (when is energy used and when is energy released?)

Ustd +o Create €40ilibrs nqy

B. Answer the following questions about the carbon cycle. Try to include your reasoning
along with your answer — What evidence do you have to support your answer?

1. What is the largest carbon reservoir? Explain your reasoning.

TVU 00ean, lofCaose XISt 1 m ihcuﬁﬂfm
TOrms , gl 60Lans cemom m

fsm)ﬂrif\ LYY SHe M
2. Whlch carbon reservoir has the longestresidence time? Explain your reasoning.

ROOU< woold Nare +He om%zg-f- >eC 0%
I+ +edeey Hu 10 + form to weaHur .
e flux 1th « EES

3. Which carbon reservoir has the shortest reservoir time? Explaln your reasoning.
T gnorttst wovlal ot +Hu lblosphedt /
Ploonig Q “C ?mms NNHSLS 0CCOUYS
T WPt O3 o g FLoY

4. Wthorm of energy 1s more 1mportan for carbon cycle processes, gravitdtional or
chemical? Explain your reasoning.

Cnemicad energy \s Hy  MoSt I PORGU4
beCLUye oI LSS S . OCLOV due o

chumuest ¢

5. How is the process of degassing in the carbon cycle different from the process of
evaporation in the water cycle?

(itg lghss-ng e gas o ceesn t Changr
forn Hostay O gas, \n tVpporto
0L wgoud wseures~ orng o Qg&g\
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C. Scenario Questions

1. Imagine we rapidly uplift a large chunk of continental lithosphere to make a huge
mountain range. This wouid expose a large volume of rocks, eventually producing
small pieces of rock and chemical products, such as bicarbonate, during weathering.
These weathering products make their way into sireams and eventually oceans.

a. How would this uplift impact the residence time of CO2 in the atmosphere?

v owootel modce HL reslelency
Hmae of (0z 0 Hu  atmosphet”
SNOFEY .

b. Significantly more COZ2 exists in the atmosphere since the industrial
revolution and the widespread use of fossil fuels. What has been the impact
of this added CO2 on the weathering rate of rocks found in mountains,
monuments, and bricks?

TS has Caosee! ok 1N mMouteeng
Mmonuments & ook o whog ey
O feste et

2. Describe a situation where the size of a reservoir in the carbon cycle is changed and
how this impacts the residence time of CO2 throughout the entire Earth system.

Yo tovtel ot down @ forest « a plan/
el ert,mg Hu bt for Hr
Plant o 08¢ (04 leauin ore Bz ¢
aHMBSererT LYeostng o ?DVL%LY res glenge +Hme.

3. Describe a situation where the residence time for a reservoir in the carbon cycle is
changed and how this impacts the residence time of CO2 throughout the entire

Eaﬂiaf\jm. H’U}[U&‘c’ﬂzj coutd ?\/OC[UC@ O
We Yiupsung Lt MO U oHMOSPres”
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Part 3: Homework

If you complete the group work, you may work on the homework on your own. This
means your answers should be generally unique from other students’ answers. Submit
your homework using ANGEL.

1. Describe what it means for a reservoir to change size.

Q\(\M\Q&\? S HMNY ey

2. Describe a situation where the residence time for a reservoir in the carbon cycle is
increased and how this impacts the residence time of CO2 throughout the entire
Earth sysiem.

LS

3. Describe a situation where the residence time for a reservoir in the carbon cycle is
decreased and how this impacts the residence time of CO2 throughout the entire
Earth sysiem.

YN W OHY S (L@UWGV\, < YLovL
Wi O\AS US> \p OV a %U\U\F-\/MV\%

4. How does an atom of carbon move from coal into the atmosphere? Explain what
would happen to Earth’s temperature if the processes that move carbon into the
atmosphere slowed down.

oo Lo CoMeon ¥ fudodu

5. Recall our earlier work with ocean acidification. How does an atom of carbon move
from CO2 in water into rock? How would an increase in the processes that move -
carbon into rock impact Earth’s temperature?

(D +H20 e HCO3 .. H200; acicl
Ca :)COB - “:_—__—> Ca CO.

6. Just for fun: How does an atom of carbon move from HCO3 in water into carbon in {imayg
your skin?
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Objectives EUE G
Upon completior” ofw SRty "ﬁy you will be able fo:

Recogniz i ®rbori- moves through the environment.

Reason about the role of different events in changing CO2 concentrations in

Earth's atmosphere
o Reason to how this will impact temperature

Causal Principles
Gravitational energy, thermal energy and/or chemical energy drive all movement

1.

nhwN

o

o~

and change of matter on Earth.

A system is in equilibrium when energy in the system is balanced.

Matter moves and changes to return a system to equilibrium.

Energy is needed to break bonds and is released when bonds form.
Temperature is a measure of the movement of molecules. Higher temperature

means molecules are moving faster.

When molecules move faster, the density of most substances decreases. Water

is an anomaly because liquid water is more dense than ice.

Buoyancy causes materials to rise or fall due to the relative density of materials.

Feedback Loops can accelerate, decelerate, or dampen change.

PART 1: Background Notes

Part 1:

Class Work

Brainstorm the important reservoirs, processes, and impacts on residence times for the
carbon cycle.

Characteristic Carbon Cycle

Reservoirs e Sbm,__( ; ) | ) CO

Corenin- (wigstbons) Oceeri (Wd,&zﬁnﬂﬁﬂa} colo,

WO, MLW?JV
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Part 2: Group Work W}Z@ He75%
A. Make sure everyone in your group understands these ferms before moving on.
1. Reservoirs: \3 g e oy M

2. Evaporation: P"""W””"Cﬂ(}' M’W é ol ﬁv?«,,,,.
3. Degassing: The Waﬁwéwvm M’MW

4. Chemical Energy (when is energy used and when is energy released?) o wrede

B. Answer the following questions about the carbon cycle. Try to include your reasoning
along with your answer — What evidence do you have to support your answer?

1. What is the largest carbon reservoir? Explain your reasoning.

sty Reseher_ Viecassas % sae- alole A pold gfe regher s oonclioliin

a«S» conlsan,

2. Which carbon reservoir has the longest residence time? Explain your reasoning.
p‘(ﬁ’ffo/"*’ Qmu_uwe/ A HW/ ﬁéub M[b‘/ﬁ Pl 1_‘.?;!&@,{,%
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3. Which carbon reservoir has the shortest reservoir time? Explain your reasoning.
A ' e 4 : o
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4. Which form of energy is more important for carbon cycle processes, grévitationai or
chemical? Explain your reasoning.

Choreceade oeunare Thine pllssr por codigrrs £ ciw«‘zfz/ e

5. How is the process of degassing in the carbon cycle different from the process of
evaporation in the water cycle?
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C. Scenario Questions

1. Imagine we rapidly uplift a large chunk of continental lithosphere to make a huge
mountain range. This would expose a large volume of rocks, eventually producing
small pieces of rock and chemical products, such as bicarbonate, during weathering.
These weathering products make their way into streams and eventually oceans.

a. How would this uplift impact the residence time of CO2 in the atmosphere?

Thir wocdd—; T ,{f;“@,,, éqih o ot oot \ottonit

Vaaseem, *ﬂf}q‘L hbng«,;,gf‘{&w W{,;- = ﬂg}z Wg,&aw & “{é‘k—i Rl -’2-—?’4 4’*’&-’
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=
b. Significantly more CO2 exists in the atmosphere since the industrial
revolution and the widespread use of fossil fuels. What has been the impact

of this added CO2 on the weathering rate of rocks found in mountains,
monuments, and bricks?

S
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2. Describe a situation where the size of a reservoir in the carbon cycle is changed and
how this impacts the residence time of COZ2 throughout the entire Earth system.

Ml C/Oq_, e ﬂnﬁw ST M»—FZL(«\.@; @W&“ﬂ\n»&é&wt&
wne tridies whido oo Baorr s conall tapn
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3. Describe a situation where the residence time for a reservoir in the carbon cycle is
changed and how this impacts the residence time of CO2 throughout the entire

Earth system.
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Part 3: Homework

If you complete the group work, you may work on the homework on your own. This
means your answers should be generally unique from other students’ answers. Submit
your homework using ANGEL.

1. Describe what it means for a reservoir to change size.

2. Describe a situation where the residence time for a reservoir in the carbon cycle is
increased and how this impacts the residence time of CO2 throughout the entire
Earth system.

3. Describe a situation where the residence time for a reservoir in the carbon cycle is
decreased and how this impacts the residence time of CO2 throughout the entire
Earth system.

4. How does an atom of carbon move from coal into the atmosphere? Explain what
would happen to Earth’s temperature if the processes that move carbon into the
atmosphere slowed down.

5. Recall our earlier work with ocean acidification. How does an atom of carbon move
from CO2 in water into rock? How would an increase in the processes that move
carbon into rock impact Earth’s temperature?

6. Just for fun: How does an atom of carbon move from HCO3 in water into carbon in
your skin?



ISP203A - Global Change
Cycles & gwrs i o PR

w"’&*“" 4 Ry L
Objectives "ﬂ’

Upon completlon’dl'“thls actmty, you will be able to:
« Recognize'hgW*éarbonsmoves through the environment.
» Reason about the role of different events in changing CO2 concentrations in
Earth’s atmosphere
o Reason to how this will impact temperature

Causal Principles

1. Gravitational energy, thermal energy and/or chemical energy drive all movement
and change of matter on Earth.
A system is in equilibrium when energy in the system is balanced.
Matter moves and changes to return a system to equilibrium.
Energy is needed to break bonds and is released when bonds form.
Temperature is a measure of the movement of molecules. Higher temperature
means molecules are moving faster.
When molecules move faster, the density of most substances decreases. Water
is an anomaly because liquid water is more dense than ice.
Buoyancy causes materials to rise or fall due to the relative density of materials.
Feedback Loops can accelerate, decelerate, or dampen change.
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PART 1: Background Notes

Part 1: Class Work
Brainstorm the important reservoirs, processes, and impacts on residence times for the
carbon cycle.

Characteristic Carbon Cycle

Reservoirs

Processes

Residence Times
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Part 2: Group Work -~ W 137027
A Make sure everyone in your group understands these terms before moving on.

1. Resenvoirs: |ocobinn 1y Which o Mafelial  ShVo
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2. Evaporation: L@M\J Te Saj

3. Degassing: jqj n «a If?/ufc[ 'hrqnbte(ﬁr\s to  the qﬁ"\ojﬂwefﬂ‘

4. Chemical Energy (when is energy used and when is energy released?) fﬂm ﬁ(‘mml £

L(’e,qk.‘rlfl oF Clrtm?ca\ bends,

B. Answer the following questions about the carbon cycle. Try to include your reasoning
along with your answer — What evidence do you have to support your answer?

1. What is the largest carbon reservoir? Explain your reasoning.
\fvos phaere, be cause The earth (s mestly ks

2. Which carbon reservoir has the longest residence time? Explain your reasoning.
[ nospner e )"\“r\e, more C© —the = lovwer “l’hﬂ ‘pfw ¥,
which Poresidlence hme

3. Which carbon reservoir has the shortest reservoir fime? Explain your reasoning.
.-biosp here peccuase Ofgaﬂr'sms Qr e C(}\S‘f‘ﬂn‘f‘\y
osing" and “gamning"C

4. Which form of energy is more important for carbon cycle processes, gravitational or

chemical? Explain your reasoning.

chhemical because 1t involves —the o,lr\amgmﬂ ot lbonds

Cbreakn}\g o nel d@rmﬁﬁ) MOt “Haon on ”l—LP o Adowin "

Mmoo on
5. How is the process of degassing in the carbon cycle different from the process of
evaporation in the water cycle?
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C. Scenario Questions

1. Imagine we rapidly uplift a large chunk of continental lithosphere to make a huge
mountain range. This would expose a large volume of rocks, eventually producing
small pieces of rock and chemical products, such as bicarbonate, during weathering.
These weathering products make their way into streams and eventually oceans.

a. How would this uplift impact the residence time of CO2 in the atmosphere?
~There woou (d bt_ o€ (N ‘(’?\& oCeon, SO MOE
Loy o’an\s. ot 1“!\‘(\:%.4 atmesphere ™ e

residence ~hme

b. Significantly more CO2 exists in the atmosphere since the industrial
revolution and the widespread use of fossil fuels. What has been the impact
of this added CO2 on the weathering rate of rocks found in mountains,
monuments, and bricks?

Accdicato £ vain weathesrs Ok Anster
{ )

2. Describe a situation where the size of a reservoir in the carbon cycle is changed and
how this impacts the residence time of CO2 throughout the entire Earth system.

Qhop Ao s bfos,olruwa \feSuo;r Qma{/eﬂ
@wx —Fasw, RT b o

3. Describe a situation where the residence time for a reservoir in the carbon cycle is
changed and how this impacts the residence time of COZ2 throughout the entire

Earth system.
© RT 'S shorter in hydrosphe e Han L
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Part 3: Homework .

If you complete the group work, you may work on the homework on your own. This
means your answers should be generally unique from other students’ answers. Submit
your homework using ANGEL.

1. Describe what it means for a reservoir to change size.

2. Describe a situation where the residence time for a reservoir in the carbon cycle is
increased and how this impacts the residence time of CO2 throughout the entire
Earth system.

3. Describe a situation where the residence time for a reservoir in the carbon cycle is
decreased and how this impacts the residence time of CO2 throughout the entire
Earth system.

4. How does an atom of carbon move from coal into the atmosphere? Explain what
would happen to Earth's temperature if the processes that move carbon into the
atmosphere slowed down.

5. Recall our earlier work with ocean acidification. How does an atom of carbon move
from CO2 in water into rock? How would an increase in the processes that move
carbon into rock impact Earth’s temperature?

6. Just for fun: How does an atom of carbon move from HCO3 in water into carbon in
your skin?
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Objectives
Upon completion of this activity, you will be able to:
+ Recognize how carbon moves through the environment.
« Reason about the role of different events in changing CO2 concentrations in
Earth’s atmosphere
o Reason to how this will impact temperature

Causal Principles

1. Gravitational energy, thermal energy and/or chemical energy drive all movement
and change of matter on Earth.
A system is in equilibrium when energy in the system is balanced.
Matter moves and changes fo return a system to equilibrium.
Energy is needed to break bonds and is released when bonds form.
Temperature is a measure of the movement of molecules. Higher temperature
means molecules are moving faster.
When molecules move faster, the density of most substances decreases. Water
is an anomaly hecause liquid water is more dense than ice.
Buoyancy causes materials to rise or fall due to the relative density of materials.
Feedback Loops can accelerate, decelerate, or dampen change.

;rwn

o

o N

PART 1: Background Notes

Part 1: Class Work
Brainstorm the important reservoirs, processes, and impacts on residence times for the
carbon cycle.

Characteristic Carbon Cycle
Reservoirs wcoft%' dreoens, O\‘\J"\G?O‘\Jﬁ/ \vneshie
W"em
Processes 5( &30\5&‘3, Buwc\x Ehe dosydtests, FesOMGARA
\O\A,MW /
Residence Times C%&Mf) e "ﬂm' d’\c"'ﬁ ('t Servpls sz
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Part 2: Group Work .

A. Make sure everyone in your group understands these terms before moving on.

1. Reservoirs: \M\def%rwﬁé\ o\de s ok e r

o

Evaporation: \W. N
ade V5 gmvtf—&-ci Lo \rc,,m'dk 4o $oS

w

Degassing:

4. Chemical Energy (when is energy used and when is energy released?)
Poxerdred o alcremreal Substtrce Yo W&’Jo O v, e o

" 8 & Cremveal  reochon, ol b N&qsform a2 O“\mmﬂ
B. Answer the following questions about the carbon cycle. Try to include your reasoning 3t
'ﬂ\/'\cq

along with your answer — What evidence do you have to support your answer?
1. What is the largest carbon reservoir? Explain your reasoning.

\WeStore \oe o< MEa\ue A e o rban combives W szl

Carbonett Mo Geoeem dreas ae Ve shan € -
2. Which carbon reservoir has the longest residence time? Explain your reasoning.

\W&Gﬁc (:tc.m;t. i Lowld Aule, \%er A

\WEaAt v .
3. Which carbon reservoir has the shortest feeé%‘#%ctime? Explain your reasoning.

. (O\CM'\'\S‘ because. Olonts reseNe 901’01:!\/

4. Which form of energy is more important for carbon cycle processes, gravitational or
chemical? Explain your reasoning.

C“'\(MYCO,\ be ¢ onge -Mren cre Moz chamieq
(Cactimng

5. How is the process of degassing in the carbon cycle different from the process of
evaporation in the water cycle?

&%@sv% W 5*0»73 G \c)c,s Wi Y0 o ren
W pluse  Cheaes
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C. Scenario Questions
1. Imagine we rapidly uplift a large chunk of continental lithosphere to make a huge
mountain range. This would expose a large volume of rocks, eventually producing
small pieces of rock and chemical products, such as bicarbonate, during weathering.
These weathering products make their way into streams and eventually oceans.
a. How would this uplift impact the residence time of CO2 in the atmosphere?
Cecreoge e vesderte ddone
Cecouse e wfluse woulA ke

Qreeder Hhen  « Flux,
b. Significantly more CO2 exists in the atmosphere since the industrial
revolution and the widespread use of fossil fuels. What has been the impact

of this added CO2 on the weathering rate of rocks found in mountains,
monuments, and bricks?

Trev Wwould  be More  carel
N it~ ooulh fesu it

\ L.
A M&W&f\(ﬁ rode  ive Cm_gb)(

2. Describe a situation where the size of a reservoir in the carbon cycle is changed and
how this impacts the residence time of CO2 throughout the entire Earth system.

woln woder  Tsu s W ol seoldler
Feseyvow becovase” Wcﬁm e cena

rolh os  Muon & Yais  Speeds Up T
cvele

3. Describe a situation where the residence time for a reservoir in the carbon cycle is
changed and how this impacts the residence time of CO2 throughout the entire

Earth system.
wne e wodor TS wonn e,
fesernvoyw 1 svacller oathN means

Stheclle  resvderve TIC & g
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Part 3: Homework

If you complete the group work, you may work on the homework on your own. This
means your answers should be generally unique from other studenis’ answers. Submit
your homework using ANGEL.

1. Describe what it means for a reservoir to change size.

2. Describe a situation where the residence time for a reservoir in the carbon cycle is
increased and how this impacts the residence time of CO2 throughout the entire
Earth system.

3. Describe a situation where the residence time for a reservoir in the carbon cycle is
decreased and how this impacts the residence time of CO2 throughout the entire
Earth system.

4. How does an atom of carbon move from coal into the atmosphere? Explain what
would happen fo Earth’s temperature if the processes that move carbon into the
atmosphere slowed down.

5. Recall our earlier work with ocean acidification. How does an atom of carbon move
from CO2 in water into rock? How would an increase in the processes that move
carbon into rock impact Earth’s temperature?

6. Just for fun: How does an atom of carbon move from HCO3 in water into carbon in
your skin? ‘



ISP203A — Global Change p—
Cycles O

Objectives
Upon completion of this activity, you will be able to:

Recognize how carbon moves through the environment.
Reason about the role of different events in changing CO2 concentrations in
Earth's atmosphere

o Reason to how this will impact temperature

Causal Principles

1.

A wn

o

Gravitational energy, thermal energy and/or chemical energy drive all movement
and change of matter on Earth.

A system is in equilibrium when[%nergﬂin the system is

Matter moves and changes to refurn a system to equilibFTHT.

Energy is needed to break bonds and is released when bonds form.
Temperature is a measure of the movement of molecules. Higher temperature
means molecules are moving faster.

When molecules move faster, the density of most substances decreases. Water
is an anomaly because liquid water is more dense than ice.

Buoyancy causes materials to rise or fall due to the relative density of materials.
Feedback Loops can accelerate, decelerate, or dampen change.

PART 1: Background Notes:
QRSAUONES > WLE Pnings Of2 Stoted

fuKes 3 vaguenrans \V\’ou\— CE Wwseguorl

psen ez s > \iows lony Sonretta Wy Slzes

Part 1: Class Work
Brainstorm the important reservoirs, processes, and impacts on residence times for the
carbon cycle.

Characteristic

Carbon Cycle
el
/\I\V\G\w

0CEANS, POLESTS F0MGS) [ inngstone (RO0KS)

Reservoirs Olbpnospvede

W Theine), ARSIV (letun S atnncaphale)

Processes ook ehottSuynTve S| gespiedcnion; bulnuns,

L0 Oy n cire@iion

CAoarat EAux, Onpw 378 of  Zosel VDI (M Rease

Residence Times @ sevdie dclecgeawe KT, decedse Gluk - nceease €T
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Part 2: Group Work
A. Make sure everyone in your group understands these terms before moving on.

1. Reservoirs: \Wing 20 T\n\v@)s o8 STed

N

Evaporation: {\a_¢ CV\QM\Q\Q Mo O [lquid’ o 30\9 .

w

- Degassing: f\ax poyevent Ok oL oS w1 wake, 1o tine
Ou)cvv@sp\/wé’—f&-
Chemical Energy (when is energy used and when is energy released?)
WnLam 3 usedd T ek bonds & Reteosed winen oonds auee
Folinepl -

B. Answer the following questions about the carbon cycle. Try to include your reasoning
along with your answer — What evidence do you have to support your answer?

-~

1. What is the largest carbon reservoir? Explain your reasoning.

Rocks ke firuSINE beawse 1+ has Heumeod cagkon & @uees
\0oe oty of  Twe @it~
2. Which carbon reservoir has the longest residence time? Explain your reasoning.
Livastorie (1fosplnede) becaose H Hoaes @ebon w bongts
A doont @lax. & 4o the atrnogphele /dans

3. Which carbon reservoir has the shortest reservoir time? Explain your reasoning.
e gdtmoggliere  bearse T vas o fluguading flux of

Nt 15, Cespieotion  d Olean |
Codyon  Ledon ¢ Sy hests | Sp! NIVX T

4. Which form of energy is more important for carbon cycle processes, gravitational or

chemical? Explain your reasoning. M\@‘-QM .‘3 \'\(\DS)( u’np()e:f'mfﬁ
o onds ouee nStarttly e ins foem<ol f PRoten

s Q20D Vpyes o
&msp 6?’6 MeZooan M atrospinegs, dlean,

5. How is the process of degassmg in thvé/c\;%och%cle different from the process of
evaporation in the water cycle?

degfissivesy 8 e pasuenent  oF 94 fRonn wokesy TO
e AVnosplherr,  vapolocton O The df\.@_m?,g

ton o LWguid o 20\ Q&S



ISP203A — Global Change %
Cycles '

C. Scenario Questions

1. Imagine we rapidly uplift a large chunk of continental lithosphere to make a huge
mountain range. This would expose a large volume of rocks, eventually producing
small pieces of rock and chemical products, such as bicarbonate, during weathering.
These weathering products make their way into streams and eventually oceans.

a. How would this uplift impact the residence time of CO2 in the atmosphere?

e ok e (O n The gocds would Svtntualy
end Ve N The dlean which wouel oBas 1nfe
M octnosphlege wakangthe  eesdence e wicgep e

b. Significantly more CO2 exists in the atmosphere since the industrial
revolution and the widespread use of fossil fuels. What has been the impact
of this added CO2 on the weathering rate of rocks found in mountains,

monuments, and bricks?’ MOl o s wirtth ud@osen i
oo B Reates ool gain Loviein WIC2ooui<S Tha

e of weatnegwyy, on waRiole g e srovie

2. Describe a situation where the size of a reservoir in the carbon cycle is changed and
how this impacts the residence time of CO2 throughout the entire Earth system.

W a@seovoig L a ke  dQZeases fiae  pesiclnce hinag
WOOMA  dleceans®  Waounws, e vl e o

Opecdel  vouNE of (0L iy fue afmosplefe  wihiel)
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3. Describe a situation where the residence time for a reservoir in the carbon cycle is
changed and how this impacts the residence time of CO2 throughout the entire

Barth system. 1 @esidinae tiwe opes down 1 dcans
Men  sadnedls novldint foEm o mucih whteh
WwWoold  cowse HGAN N3 1O ot e alo\e fo
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Part 3: Homework

if you complete the group work, you may work on the homework on your own. This
means your answers should be generally unique from other students’ answers. Submit
your homework using ANGEL.

1. Describe what it means for a reservoir to change size.

2. Describe a situation where the residence time for a reservoir in the carbon cycle is
increased and how this impacts the residence time of CO2 throughout the entire
Earth system.

3. Describe a situation where the residence time for a reservoir in the carbon cycle is
decreased and how this impacts the residence time of CO2 throughout the entire
Earth system.

4. How does an atom of carbon move from coal into the atmosphere? Explain what
would happen to Earth's temperature if the processes that move carbon into the
atmosphere slowed down.

5. Recall our earlier work with ocean acidification. How does an atom of carbon move
from CO2 in water into rock? How would an increase in the processes that move
carbon into rock impact Earth's temperature?

6. Just for fun: How does an atom of carbon move from HCO3 in water into carbon in
your skin?
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Objectives
Upon completion of this activity, you will be able to:

Recognize how carbon moves through the environment.
Reason about the role of different events in changing CO2 concentrations in
Earth’s atmosphere

o Reason to how this will impact temperaiure

Causal Principles

1.

ok

N O

Gravitational energy, thermal energy and/or chemical energy drive all movement
and change of matter on Earth.

A system is in equilibrium when energy in the system is balanced.

Matter moves and changes to return a system to equilibrium.

Energy is needed to break bonds and is released when bonds form.
Temperature is a measure of the movement of molecules. Higher temperature
means molecuies are moving faster.

When molecules move faster, the density of most substances decreases. Water
is an anomaly because liquid water is more dense than ice.

Buoyancy causes materials to rise or fall due to the relative density of materials.
Feedback Loops can accelerate, decelerate, or dampen change.

PART 1: Background Notes

Part 1: Class Work
Brainstorm the important reservoirs, processes, and impacts on residence times for the
carbon cycle.

Characteristic Carbon Cycle

Reservoirs

Processes

Residence Times
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Part 2: Group Work

GROUP #:
Student IFSdof Members Present:

A. Make sure everyone in your group understands these terms before moving on.

1. Reservoirs:

2. Evaporation:

3. Degassing:

4, Chemical Energy (when is energy used and when is energy released?)

B. Answer the following questions about the carbon cycle. Try to include your reasoning
along with your answer — What evidence do you have to support your answer?

1. What is the largest carbon reservoir? Explain your reasoning.

2. Which carbon reservoir has the longest residence time? Explain your reasoning.

3. Which carbon reservoir has the shortest reservoir time? Explain your reasoning.

4. Which form of energy is more important for carbon cycle processes, gravitational or

chemical? Explain your reasoning.

5. How is the process of degassing in the carbon cycle different from the process of

evaporation in the water cycle?
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C. Scenario Questions

1. Imagine we rapidly uplift a large chunk of continental lithosphere to make a huge
mountain range. This would expose a large volume of rocks, eventually producing
small pieces of rock and chemical products, such as bicarbonate, during weathering.
These weathering products make their way into streams and eventually oceans.

a. How would this uplift impact the residence time of CO2 in the atmosphere?

b. Significantly more CO2 exists in the atmosphere since the industrial
revolution and the widespread use of fossil fuels. What has been the impact
of this added CQO2 on the weathering rate of rocks found in mountains,
monuments, and bricks?

2. Describe a situation where the size of a reservoir in the carbon cycle is changed and
how this impacts the residence time of CO2 throughout the entire Earth system.

3. Describe a situation where the residence time for a reservoir in the carbon cycle is
changed and how this impacts the residence time of CO2 throughout the entire

Earth system.
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Part 3: Homework

If you complete the group work, you may work on the homework on your own. This
means your answers should be generally unique from other students’ answers. Submit
your homework using ANGEL.

1. Describe what it means for a reservoir {o change size.

2. Describe a situation where the residence time for a reservoir in the carbon cycle is
increased and how this impacts the residence time of CO2 throughout the entire
Earth system.

3. Describe a situation where the residence time for a reservair in the carbon cycle is
decreased and how this impacts the residence time of CO2 throughout the entire
Earth system.

4. How does an atom of carbon move from coal into the atmosphere? Explain what
would happen to Earth’s temperature if the processes that move carbon into the
atmosphere slowed down.

5. Recall our earlier work with ocean acidification. How does an atom of carbon move
from CO2 in water into rock? How would an increase in the processes that move
carbon into rock impact Earih’s temperature?

6. Just for fun: How does an atom of carbon move from HCO3 in water info carbon in
your skin?
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Objectives
Upon completion of this activity, you will be able to:

Recognize how carbon moves through the environment.
Reason about the role of different events in changing CO2 concentrations in
Earth’s atmosphere

o Reason to how this will impact temperature

Causal Principles

1.

ok wh

o

o~

Gravitational energy, thermal energy and/or chemical energy drive all movement
and change of matter on Earih.

A system is in equilibrium when energy in the system is balanced.

Matter moves and changes to return a system to equilibrium.

Energy is needed to break bonds and is released when bonds form.
Temperature is a measure of the movement of molecules. Higher temperature
means molecules are moving faster.

When molecules move faster, the density of most substances decreases. Water
is an anomaly because liquid water is more dense than ice.

Buoyancy causes materials 1o rise or fall due to the relative density of materials.
Feedback Loops can accelerate, decelerate, or dampen change.

PART 1: Background Notes

Part 1: Class Work
Brainstorm the important reservoirs, processes, and impacts on residence times for the
carbon cycle.

Characteristic Carbon Cycle

fortSts (biomass) |\ imeStong, oceouns
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GROUP #: CQ
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Student IDs of Members Present:

Part 2: Group Work
A. Make sure everyone in your group understands these terms before moving on.

1.

w

L

Reservoirs:

L e (S sioned

Evaporation:

. Degassing:

Chemical Energy (when is energy used and when is energy released?)

B. Answer the following QUestions about the carbon cycle. Try to include your reasoning
along with your answer — What evidence do you have to support your answer?

1.

What is the largest carbon reservoir? Explain your reasoning.

o sten

Which carbon reservoir has the longest residence time? Explain your reasoning.
@@ lfi"\JJ\,OSfQ/\J\_QN\Q_, Lowhnemy WS- b«,\ﬂ.’/\ﬁ
Som2 AL 9 [y JUSE SHS Wt Lyrewney

. Which carbon reservoir has the shortest reservoir time? Explain your reasoning.

N
e,
X0

I OSM

Which form of energy is more important for carbon cycle processes, gravitational or
chemical? Explain your reasoning.

How is the process of degassing in the carbon cycle different from the process of
evaporation in the water cycle?
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C. Scenario Questions

1. Imagine we rapidly uplift a large chunk of continental lithosphere to make a huge
mountain range. This would expose a large volume of rocks, eventually producing
small pieces of rock and chemical products, such as bicarbonate, during weathering.
These weathering products make their way into streams and eventually oceans.

a. How would this uplift impact the residence tlrge;ffco2 in the atmosphere?
T  wsidance. R “preullde e e a e

W

b. Significantly more CO2 exists in the atmosphere since the industrial
revolution and the widespread use of fossil fuels. What has been the impact
of this added CO2 on the weathering rate of rocks found in mountains,
monuments, and bricks?

WUL, \WWORLOSL WML e CO

2. Describe a situation where the size of a reservoir in the carbon cycle is changed and
how this impacts the residence time of CO2 throughout the entire Earth system.

Deforeshom. Wil demtase  «esidonel
AL

3. Describe a situation where the residence time for a reservoir in the carbon cycle is
changed and how this impacts the residence time of COZ2 throughout the entire

Earth system.
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Part 3: Homework s
if you complete the group work, you may work on the homework on your own. This
means your answers should be generaily unique from other students’ answers. Submit

your homework using ANGEL.

1. Describe what it means for a reservoir to change size.

2. Describe a situation where the residence time for a reservoir in the carbon cycle is
increased and how this impacts the residence time of CO2 throughout the entire
Earth system.

3. Describe a situation where the residence time for a reservoir in the carbon cycle is
decreased and how this impacts the residence time of CO2 throughout the entire
Earth system.

4. How does an atom of carbon move from coal into the atmosphere? Explain what
would happen fo Earth’s temperature if the processes that move carbon into the
atmosphere slowed down.

5. Recall our earlier work with ocean acidification. How does an aiom of carbon move
from COZ2 in water into rock? How would an increase in the processes that move
carbon info rock impact Earth’s temperature?

6. Just for fun: How does an atom of carbon move from HCO3 in water into carbon in
your skin? '
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‘Upbh completion of this activity, you w1|| ‘be able to:

Recognize how carbon moves: thf‘ough the environment.
Reason about the role of different events in changing CO2 concentrations in
Earth’s atmosphere

o Reason to how this will impact temperature

Causal Principles

1.

S el

32

Gravitational energy, thermal energy and/or chemical energy drive all movement
and change of matter on Earth.

A system is in equilibrium when energy in the system is balanced.

Matter moves and changes to return a system to equilibrium.

Energy is needed to break bonds and is released when bonds form.
Temperature is a measure of the movement of molecules. Higher temperature
means molecules are moving faster.

When molecules move faster, the density of most substances decreases. Water
is an anomaly because liquid water is more dense than ice.

Buoyancy causes materials to rise or fall due to the relative density of materials.
Feedback Loops can accelerate, decelerate, or dampen change.

PART 1: Background Notes

Part 1: Class Work
Brainstorm the important reservoirs, processes, and impacts on residence times for the
carbon cycle.

Characteristic Carbon Cycle

Reservoirs

Processes

Residence Times
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£ GROUP #: Q_,
ISP203A — Global Change iy Student IDs of Members Present:
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Part 2: Group Work

A. Make sure everyone in your group understand
1. Reservoirs:

AN QAL IO USET 1D SIgre oty ‘,
FOYests  iwie sIONG, 0ans | (Frpspiet (€6 oo (U (L)

2. Evaporation:
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3. Dct}a%assing:
. Mmool gFqas ol et
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4. Chemical Energy (when is energy used and when is energy releasgd?)
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B. Answer the following questions about the carbon cycle. Try to inciude your reasoning
along with your answer — What evidence do you have to support your answer?

hese terms before moving on.

1. What is the largest carbon reservoir? Explain your reasoning.
Ve lav%@k CESEvviey U couviaor 18 1IN fone
Il e Yomom Cyjcle. (Y PO RO Xl (S veleaicd w e e
Wi‘}“«f) U taldon (o oone i 1y velidueot ProCiVES BV (orvciunn
2. Wh;:ét?égtr{bon reservoir has the longest residence time? Explain your reasoning.
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3. Which carbon reservoir has the shortest reservoir time? Explain your reasoning.
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4. Which form of energy is more important for carbon cycle processes, gravitational or £ 3 1¥C V-
chemical? Explain your reasoning.
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5. How is the process of degassing in the carbon cycle different from the process of
evaporation in the water cycle?
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C. Scenario Questions

1. Imagine we rapidly uplift a large chunk of continental lithosphere to make a huge
mountain range. This would expose a large volume of rocks, eventually producing
small pieces of rock and chemical products, such as bicarbonate, during weathering.
These weathering products make their way into streams and eventually oceans.

a. How would this uplift impact the residence time of CO2 in the atmosphere?
pesWienc FHnL wouldt dacveast pecauie Heu fiiux
VW INcrea Yy TRETE fovs dearert Sy N e ndence
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b. Significantly more CO2 exists in the atmosphere since the industrial
revolution and the widespread use of fossil fuels. What has been the impact
of this added CO2 on the weathering rate of rocks found in mountains,

monum}ents, and bric{(s? ?m({ wz IS Q) mlam U)mpwndlrn
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2. Describe a situation where the size of a reservoir in the carbon cycle is changed and
how this impacts the residence time of CO2 throughout the entire Earth system.

LE YV restviioyr 13 QOCTCGYcd jny svzg e renience
HIML s decrecsed, |

3. Describe a situation where the residence time for a reservoir in the carbon cycle is
changed and how this impacts the residence time of COZ2 throughout the entire

S Mo s e beny Ut (lown Anerctore more
W02 IS being veleased nto e omospnere by the
process of mm@éo Bocreased the #lux Sothis (nfulll
Wil Qecveait e refrand Hrmd.
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Part 3: Homework

If you complete the group work, you may work on the homework on your own. This
means your answers should be generally unique from other students’ answers. Submit
your homework using ANGEL.

1. Describe what it means for a reservoir to change size.

2. Describe a situation where the residence time for a reservoir in the carbon cycle is
increased and how this impacts the residence time of CO2 throughout the entire
Earth system.

3. Describe a situation where the residence time for a reservoir in the carbon cycle is
decreased and how this impacts the residence time of CO2 throughout the entire
Earth system.

4. How does an atom of carbon move from coal into the atmosphere? Explain what
would happen to Earth’s temperature if the processes that move carbon into the
atmosphere slowed down.

5. Recall our earlier work with ocean acidification. How does an atom of carbon move
from CO2 in-water into rock? How would an increase in the processes that move
carbon into rock impact Earih’s temperature?

6. Just for fun: How does an atom of carbon move from HCO3 in water into carbon in
your skin?
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Objectives
Upon completion of this activity, you will be able to:

Recognize how carbon moves through the environment.
Reason about the role of different events in changing CO2 concentrations in
Earth’s atmosphere

o Reason to how this will impact temperature

Causal Principles

1.

I ol

o

Gravitational energy, thermal energy and/or chemical energy drive all movement
and change of matter on Earth.

A system is in equilibrium when energy in the system is balanced.

Matter moves and changes to return a system fo equilibrium.

Energy is needed to break bonds and is released when bonds form.
Temperature is a measure of the movement of molecules. Higher temperature
means molecules are moving faster.

When molecules move faster, the density of most substances decreases. Water
is an anomaly because liquid water is more dense than ice.

Buoyancy causes materials to rise or fall due to the relative density of materials.
Feedback Loops can accelerate, decelerate, or dampen change.

PART 1: Background Notes

Part 1: Class Work
Brainstorm the important reservoirs, processes, and impacts on residence times for the
carbon cycle.

Characteristic Carbon Cycle
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Reservoirs ,
ivoseree €
WRATHwR1NG, Degissing, Bumae, P OTTosyNTHESTS, R9SP RATION,
Processes BuariniG, 0CTan RUDIFLATION,
_ . CHANGT FLuiX | CHANG SIT% OF @rsirvad — DT AST, LTSS
Residence Times (101 Dl & T, ATWT OF RESTRbMR
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Part 2: Group Work
A. Make sure everyone in your group understands these terms before moving on.
1. Reservoirs:

Places where matter is stored.
2. Evaporation:
Pocess g{.(w:m%sm% a subshance ‘E’Bm liqui d ¥ aas.

3. Degassing:
Mﬂvfna %QSSQS %rm"ﬁ ot (2Sevyor To awsther

4. Chemical Energy (when is energy used and when is energy released?)
Ulean 20Lrg Fo break buoads, \’{\QQS\'N& Qe Lehdn %h&d (“orwn

B. Answer the following questions about the carbon cycle. Try to include your reasoning
along with your answer — What evidence do you have to support your answer?

1. What is the largest carbon reservoir? Explain your reasoning.
LimoshoneS; betause i+ hal o 10ﬂ3 reSidenee Hoe and 06 bon
AcumuladeS oyer Fme. (Bueind)
2. Which carbon reservoir has the longest residence time? Explain your reasoning.
Li MQE\"D\'\QS } DocaUSe et bsn busiels WP 1N Voenésipnes h—\ﬂ)‘b\_{J{/\ Hae
Qm(esr, of- buvial
3. Which carbon reservoir has the shortest reservoir time? Explain your reasoning.
‘ %TOSPHUQ’, focdpon maves batls wad fucdih Dehweun e biosphece
aw d arviosphent 'ﬁn'\-\)u%\q Hne processes 5% rﬁgpi\quﬂ‘o‘n andd s)iwhft,jrﬁ"f\qif

4. Which form of energy is more important for carbon cycle processes, gravitational or
chemical? Explain your reasoning.

C‘/\QW\ \ CﬁL\, bQ( S e e nS‘}‘a.v\'\’(\d C,U\CLV\SI. ncd its Cuﬁ'\()bf; L Howy

5. How is the process of degassing in the carbon cycle different from the process of
evaporation in the water cycle?

CE\/C\,\PG(‘C\HUH clt,SC.vi‘DQ% hU\;‘J \J\J(‘L\*ﬁk CK/LCU/\(A-EE %\f(\‘)(\q a 11(1‘1_{!'('{'1)
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C. Scenario Questions

1.

Imagine we rapidly uplift a large chunk of continental lithosphere to make a huge
mountain range. This would expose a large volume of rocks, eventually producing
small pieces of rock and chemical products, such as bicarbonate, during weathering.
These weathering products make their way into streams and eveniually oceans.

a. How would this uphft impact the residence time of CO2 in the atmosphere?
Tt (?.S\CUJ/L(_QJ‘R 1S lUn%ex in Hae atmospneit Decayse o€

—P\u\(, Mure W»Ud’(f\e,n“nc‘j ngUfY\ wp 1 conset maoce CO2 b
he te\eased inbv Hae ahnosphert, This €auses an (Alvelse

mn Hae in{/\owr So (Sidaun e Kone 5 Tonger-

b. Significantly more COZ exisis in the atmosphere since the industrial
revolution and the widespread use of fossil fuels. What has been the impact
of this added CO2 on the weathering rate of rocks found in mountains,
monuments, and bricks?

More Con causes mort wm‘rmvsncj, So fae wentaciing
rafe (ncveqses.

2. Describe a situation where the size of a reservoir in the carbon cycle is changed and

how this impacts the residence time of CO2 throughout the entire Earth system.
CuH'\‘f\cL\ Aovwn {ureg’rs recdluces $recize 0{‘ tag Wvomass resecvoir,
TS pnens HAGY 14ss 0Oz Vs \e;b;wn%\w p\,hﬂogphua tp tae
biosplatr e - —ﬁ’\ﬂﬂ‘.\'}th)vq of €Oz {ronn ¥ag atrrospiece décceases,

CausSing o {aac-}q-{ residence Bmein M Ghmosphere .

Describe a situation where the residence time for a reservoir in the carbon cycle is
changed and how this impacts the residence time of CO2 throughout the entire
Earth sysfem.

Buiming trees tneredses e v flow e
curipon {{]‘(—") +h @W_SP/’LU"Q_ Thoot H’LU"Q.OLS:Q._S\
e ke reSfdence TR o f wrban h the
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Part 3: Homework

If you complete the group work, you may work on the homework on your own. This
means your answers should be generally unique from other students’ answers. Submit
your homework using ANGEL.

1. Describe what it means for a reservoir to change size.

2. Describe a situation where the residence time for a reservoir in the carbon cycle is
increased and how this impacts the residence time of CO2 throughout the entire
Earth system.

3. Describe a situation where the residence time for a reservoir in the carbon cycle is
decreased and how this impacis the residence time of CO2 throughout the entire
Earth system.

4. How does an atom of carbon move from coal into the atmosphere? Explain what
would happen to Earth’s temperature if the processes that move carbon into the
atmosphere slowed down.

5. Recali our earlier work with ocean acidification. How does an atom of carbon move
from CO2 in water into rock? How would an increase in the processes that move
carbon info rock impact Earth’s temperature?

6. Just for fun: How does an atem of carbon move from HCO3 in water into carbon in
your skin?
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Objectives
Upon completion of this activity, you will be able to:

Recognize how carbon moves through the environment.
Reason about the role of different events in changing CO2 concentrations in
Earth’s atmosphere

o Reason to how this will impact temperature

Causal Principles

1.

A

o

o~

Gravitational energy, thermal energy and/or chemical energy drive all movement
and change of matier on Earth. '

A system is in equilibrium when energy in the system is balanced.

Matter moves and changes to return a system to equilibrium.

Energy is needed to break bonds and is released when bonds form.
Temperature is a measure of the movement of molecules. Higher temperature
means molecules are moving faster.

When molecules move faster, the density of most substances decreases. Water
is an anomaly because liquid water is more dense than ice.

Buoyancy causes materials to rise or fall due to the relative density of materials.
Feedback Loops can accelerate, decelerate, or dampen change.

PART 1: Background Notes

Part 1: Class Work
Brainstorm the important reservoirs, processes, and impacis on residence times for the
carbon cycle.

Characteristic Carbon Cycle

Reservoirs

Processes

Residence Times
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Part 2: Group Work p{QS@U\(X ot CO
A. Make sure everyone in your group understands these terms before moving on.
1. Reservoirs: QN o4O of rodoaad YT LA w Sweol for

urodion @r@m uﬁi“"" o undargrowd  Acumulod oz

2. Eva ratlo
M‘\'O( € ivilo o uapor, wmﬁﬁﬁtw@fﬂ&f
UW’/{')@WNmmé}ure Peom W s foouy oniy Yo O sold PO reb,
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Aissolved ops 5 T, Qrom o€ o o 1R

4. Chemicatl Energy (when is energy used and when is energy release

MMe polenial o6 on chllyjcau  sbsiance Grao QA G250
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B. Answer the following questions about the carbon cycle. Try to include your reasoning
along with your answer — What evidence do you have to support your answer?

1. What is the largest carbon reservoir? Explaln your reasoning.

Lwestme peass®f i s pode  up ot ocuL 90
br%lmrc nodertod

2. Which carbon reservoir has the longest residence time? Explain your reasoning.
ﬁesrrlemt(? Hme S how g S WIn P matler
FOSRAWN, M von dewese reserlin rs Yesl W hme DR TERIEY
ge o’ e fees @idence Livne gp WhQ YesBiwi ¢ with W0 g &S{f Vel
3. Which carbon reservoir has the shortest reservoir time? Explai ur rea\sonlngm'LOL ‘&)‘DSW;
Biomoss  bopus® | g Smeder H1e yesorid
il sShordr e redew(f pme.

4. Which form of energy is more important for carbon cycle processes, gravitational or
chemical? Explain your reasoning.

CromieA R e o more £m,g@ 2

Yoty WL NGALA 0erQH  Hovh 8rww )
5. How is the process of degassing in the carbon cycle different from the process of

evaporation in the water cycle?
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C. Scenario Questions

1. Imagine we rapidly uplift a large chunk of continental lithosphere to make a huge
mountain range. This would expose a large volume of rocks, eventually producing
@ <§ é\ small pieces of rock and chemical products, such as bicarbonate, during weathering.
NS These weathering products make their way into streams and eventually oceans.

\§ § S§ % a. How would this uplift impact the residence time of CO2 in the atmosphere?
KR ol byjldie o0 Mt gires U
. 7N ;
voggphs b w0y W wien
m@&qﬂmg V\a,fp% Coy 1 Y (2l
S& % pullivh—fhan ot~ of e HOSPVT
b. Significantly more CO2 exists in the atmosphere since the industrial
revolution and the widespread use of fossil fuels. What has been the impact

of this added CO2 on the weathering rate of rocks found in mountains,
monuments, and bricks?

M Wt 1S e @"’WL% hery
Yine W\[D\f Q (-%O&ld {ORN W (S ?Pfomoe’oﬂ

b e hefe poeadhned % Mﬂo%i

2. Describe a situation where the size of a reservoir in the carbon cycle is changed and
how this impacts the residence time of CO2 throughout the entire Earth system.

e e S & B diy P@’l«,d '
gries  yp SO M (0sidwncl Hgme
s oweplo A
3. Describe a situation where the residence time for a reservoir in the carbon cycle is

changed and how this impacts the residence time of CO2 throughout the entire -
Earth system.
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Part 3: Homework

If you complete the group work, you may work on the homework on your own. This
means your answers should be generally unique from other students’ answers. Submit
your homework using ANGEL.

1. Describe what it means for a reservoir to change size.

2. Describe a situation where the residence time for a reservoir in the carbon cycle is
increased and how this impacts the residence time of CO2 throughout the entire
Earth system. ;

3. Describe a situation where the residence time for a reservoir in the carbon cycle is
decreased and how this impacts the residence time of CO2 throughout the entire
Earth system.

4. How does an atom of carbon move from coal into the atmosphere? Explain what
would happen fo Earth’s temperature if the processes that move carbon into the
atmosphere slowed down.

5. Recall our earlier work with ocean acidification. How does an atom of carbon move
from CO2 in water into rock? How would an increase in the processes that move
carbon into rock impact Earth’s temperature?

6. Just for fun: How does an atom of carbon move from HCO3 in water into carbon in
your skin?
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Objectives
Upon completion of this activity, you will be able to:
» Recognize how carbon moves through the environment.
+ Reason about the role of different events in changing CO2 concentrations in
Earth’'s atmosphere
o Reason to how this will impact temperature

Causal Principles

1. Gravitational energy, thermal energy and/or chemical energy drive all movement
and change of matier on Earth.
A system is in equilibrium when energy in the system is balanced.
Matter moves and changes to return a system to equilibrium.
Energy is needed to break bonds and is released when bonds form.
Temperature is a measure of the movement of molecules. Higher temperature
means molecules are moving faster.
When molecules move faster, the density of most substances decreases. Water
is an anomaly because liquid water is more dense than ice.
Buoyancy causes materials to rise or fall due to the relative density of materials.
Feedback Loops can accelerate, decelerate, or dampen change.

RN

o
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PART 1: Background Notes

Vol (s foleue (0 \nbo QkSphue
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Part 1: Class Work

Brainstorm the important reservoirs, processes, and impacts on reSIdence fimes for the
carbon cycle.

Characteristic Carbon Cycle
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Part 2: Group Work
A. Make sure everyone in your group understands these terms before moving on.
1. Reservoirss ; ;

2. Evaporation:/[ﬁw’g, Yo &Ljaog
3. Degassing: MgV, a ga/é Prom—  ore {28 ron ()U WW

4. Chemical Energy (when is energy used and when is energy released?)
W & Outope  Onass o T b o st g,

B. Answer the following questions about the carbon cycle. Try to include your reasonmg—ép%
along with your answer — What evidence do you have io support your answer? 4@

1. What is the largest carbon reserv0|r‘? Explam your reasoning.

‘i‘ " a' l' .h P ‘ Ly " " ) ‘yyr i’&““, ;'(5

ARG e )

2. Which carbon reservoir has the longest esudence-tlm" ? Explain your reasoning.

B Y N O
inko Qucvrn Ctppre1e 4o e o Aoyl Uyl #"[‘%

3. Which carbon reservoir has the shortest reservoir time? Explain your reasomng

%/\OSM -6.T > [Dly es \D/L M Qop\p\ & Y
Chnony Ny

4. Which form of energy is more important for carbon cycle processes, gravitational or

chemical? Explain your reasoning.
C umical , ecasse  Corbin @ @ﬂg@% @%p,@@% \’%‘W

UGS M’m h OCn G ue\@\o e ims Ofden on
o) wFon  wh 4 e do dann 3
5. How is the process of degassing in the carbon cycle different from the process of
evaporation in the water cycle? ﬁa s,
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C. Scenario Questions

1. Imagine we rapidly uplift a large chunk of continental lithosphere to make a huge
mountain range. This would expose a large volume of rocks, eventually producing
small pieces of rock and chemical producis, such as bicarbonate, during weathering.
These weathering products make their way into streams and eventually oceans.

a. How would this uplift impact the residence time of CO2 in the atmosphere?

Ths scerario woks e (ncrasiv- dhe QloR ‘0l 4
i (eSivor memig Ve Rogdetd Filve Wiy

WNCoewse

b. Significantly more CO2 exists in the atmosphere since the industrial
revolution and the widespread use of fossil fuels. What has been the impact
of this added CO2 on the weathering rate of rocks found in mountains,
monuments, and bricks?

becls o carhemiC acds 1S Lorcved Mpee
Wt iy on TockS wi WV}Q&’)

2. Describe a situation where the size of a reservoir in the carbon cycle is changed and
how this impacts the residence time of CO2 throughout the entire Earth system.

W Ane P el A Qe ocgangs
VR W One g

3. Describe a situation where the residence time for a reservoir in the carbon cycle is
changed and how this impacts the residence time of CO2 throughout the entire

EanhSyStem'ﬂ\L hoe  Cawhan jg\{\j [/]&’U «M" ayr nECaser
JA"L Apngund- M oMed  GUT maﬂ/\,\/\j— @GCM

{Nx{( b{ %44[7/ /YLOFC ka‘m? mgmLW}, M UNT WMJJ’C

s ,
e QQpé &}uf( Ve e e W{AV&. J/VU/”?

ol acrde



ISP203A — Global Change
Cycles

Part 3: Homework

if you complete the group work, you may work on the homework on your own. This
means your answers should be generally unique from other students’ answers. Submit
your homework using ANGEL.

1. Describe what it means for a reservoir o change size.

N

2. Describe a situation where the residence time for a reservoir in the carbon cycle is
increased and how this impacts the residence time of CO2 throughout the entire
Earth system.

3. Describe a situation where the residence time for a reservoir in the carbon cycle is
decreased and how this impacts the residence time of CO2 throughout the entire
Earth system.

4. How does an atom of carbon move from coal into the atmosphere? Explain what
would happen to Earth’s temperature if the processes that move carbon into the
atmosphere slowed down.

5. Recall our earlier work with ocean acidification. How does an atom of carbon move
from CO2 in water into rock? How would an increase in the processes that move
carbon into rock impact Earth's temperature?

6. Just for fun: How does an atom of carbon move from HCO3 in water info carbon in
your skin?
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Objectives
Upon completion of this activity, you will be able to:

Recognize how carbon moves through the environment.
Reason about the role of different evenis in changing CO2 concentrations in
Earth’s atmosphere

o Reason to how this will impact temperature

Causal Principles

1.

N o Okwbd

Gravitational energy, thermal energy and/or chemical energy drive all movement
and change of matter on Earth.

A system is in equilibrium when energy in the system is balanced.

Matter moves and changes to return a system to equilibrium.

Energy is needed to break bonds and is released when bonds form.
Temperature is a measure of the movement of molecules. Higher temperature
means molecules are moving faster.

When molecules move faster, the density of most substances decreases. Water
is an anomaly because liquid water is more dense than ice.

Buoyancy causes materials to rise or fall due to the relative density of materials.
Feedback Loops can accelerate, decelerate, or dampen change.

PART 1: Background Notes

Part 1: Class Work
Brainstorm the important reservoirs, processes, and impacts on residence times for the
carbon cycle.

Cespication burnina (0‘2 bomm,s\ ,ocean auéx‘?cm‘ton

Characteristic Carbon Cycle Corbonic acia (057
Laos HCO,)
R . ‘_lme,s‘rone_ humans, plants (8'0‘“‘1”) , 0Ceans, almosphere (co, Jcn,)
eservoirs
Bio , Atm L4 hedro
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Part 2: Group Work
A. Make sure everyone in your group understands these terms before moving on.

1. Reservoirs: S‘E'Qf‘a.%Q og‘ somedrin j (CC«“DO«'\) T ?\C\CQ

2. Evaporation: C\.\qhbb § romm \;qu,&\ ‘o o 3a$.

3. Degassing: Moutment oF a gas melecule feom bd-\j dishoed ina [ Guigl b,

bein OrSselyed N a aas.
4. Chemical Energy (when is energy used and when is energy released?)

B. Answer the following questions about the carbon cycle. Try to include your reasoning
along with your answer — What evidence do you have to support your answer?

1. What is the largest carbon reservoir? Explain your reasoning.

L.\MLS{'DV\Q . gocb...‘o *re 'Phg, \qr‘s@’o‘{' re_se,rw'.r} areh b"\&. mcss* Cm(‘:ﬁq
roves *Rrou&\\ i,

2. Which carbon reservoir has the longest residence time? Explain your reasoning.
[imestone, Bio\oa‘lc_q\ stEF fves muew S‘Qprku tron roe.hf.) and

'h'\q' actan '{' Q‘\mosP\;\ue_ F‘L.\\‘-U\q"(‘ﬁ. car bon bettoeen cackh other.

Buruing ¥he Garbon in Whophiedanoe kegs it the lorgest,
3. WhicH carbon reservoir has the shortest-+eserveir time? Explain your reasoning.

E‘\amass, Carbon in these fesenyeln 0"\’3 las+ as [Or\j as +he
planks [anicnals Ao

4. Which form of energy is more important for carbon cycle processes, gravitationa! or
chemical? Explain your reasoning.
Cheemica l . A\mor,% adl reseruoirs a5¢ Chemical e Yhe tarbon CUQ\E .

The Y -\Sﬁc\.\- d@““r LsSe, 'l"r\e. sther ceservein o, Their process

5. How is the process of degassing in the carbon cycle different from the process of
evaporation in the water cycle?

T\"‘?-«"L. % e mesﬂg,_ Q}\Qﬁ%g ¥ d&aqssfr\cb\
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C. Scenario Questions

1. Imagine we rapidly uplift a large chunk of continental lithosphere to make a huge
mountain range. This would expose a large volume of rocks, eventually producing
small pieces of rock and chemical products, such as bicarbonate, during weathering.
These weathering products make their way into streams and eventually oceans.

a. How would this uplift impact the residence time of CO2 in the atmosphere?
T-\’)ch, oould ba an IACT LESe N cesidente -\-ime’ because
trece 15 more Carbon \0?—""3 woectherd, . This P'»d"' LA
carvon in the atmeoshere ,white net d‘“ﬁs ""‘j Yhe sze of

Ihe reserveir.

b. Significantly more COZ2 exists in the atmosphere since the industrial
revolution and the widespread use of fossil fuels. What has been the impact

of this added CO2 on the weathering rate of rocks found in mountains,

monuments, and bricks? .
T4 Lwould \nerease Fhe W‘A'“\UI"\B mk) Since -’f'r\e.rc, ‘S

rmece (OF | which maans tnore oid

2. Describe a situation where the size of a reservoir in the carbon cycle is changed and
how this impacts the residence time of CO2 throughout the entire Earth system.

BIOSQ‘\U‘L - Mmass ive Aj‘?j {buctal.
‘\rv\?qc‘\‘s Ps,—r or’ -
[ L:%os?\wm ~ Reduce

Oceam~ - Yeduce

A-\mosp\ﬁarﬁ- R educe QG Plux)

3. Describe a situation where the residence time for a reservoir in the carbon cycle is
changed and how this impacts the residence time of CO2 throughout the entire

Earth system. '
@Urr\'r\ ‘F&.\e_,\ s CO?_ to The Q'\MO')P‘\\eCQ‘ inc, Mesidence Jr»me
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